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EVALUATING EFFECTS OF INDUSTRIAL NOISE ON MAN 


MAJOR HORACE O. PARRACK 
UNITED STATES AIR FORCE 


INTRODUCTION 


HE CONTROL of industrial noise is currently a problem of grave concern 
to many persons, including business executives, personnel managers, labor 
representatives, specialists in industrial medicine, public health officials, safety i 
engineers, and even the ordinary citizen. Noise is frequently defined as any 
unwanted sound. Industrial noises are the unwanted sounds produced by the opera- 

tion of high-speed power machinery or any one of many other shop, factory, or plant 
operations. 


Industrial noise control consists of all the special measures that must be taken 
to assure that personnel exposed to these unwanted industrial sounds are provided 
an environment in which the noise levels are low enough to be compatible with the ‘ 
maintenance of health, safety, and performance efficiency. The purpose of industrial f 
noise control is to insure an environment compatible with normal functioning of 
the human body for all persons who are exposed to the noise. Control of industrial 


. noise may then be necessary for either of two reasons: (1) It may be required in : : 
order to reduce the noise level within the plant to one that is satisfactory for the : i 
personnel working there; or (2) it may be required to prevent the noise generated ' 

- by pliant operations from spreading to outside areas at levels which are not satis- : 


factory for personnel occupying these areas. These occupants of outside areas may 
have no connection whatever with the industrial organization producing the noise. 
The production of industrial noise is not restricted to factories and industrial 
plants. Transportation systems of all kinds and even the individual operators of 
automobiles are responsible for the production of industrial noise. There are so 
many noise sources and the number of exposed persons is so large that each individ- : 
ual is in some way concerned with problems of industrial noise control. However, 3 
the many problems relating to the control of industrial noise are of major interest 
to persons who are responsible for the maintenance of industrial health. 


PROBLEMS RELATED TO INDUSTRIAL NOISE CONTROL 


Problems pertaining to industrial noise control may be divided into two major 


classes. In the first class are all the problems in which the measurements are made 
primarily on man. These include the determination of hearing thresholds, measure- 
ment of auditory masking, measurement of speech intelligibility, measurements of 
the loudness and pitch of sounds, and all other problems in which physiological 


Read at the Twelfth Annual Congress on Industrial Health, Pittsburgh, Jan. 18, 1952. 
Chief, Bio-Acoustic Unit, Aero Medical Laboratory, Research Division, Wright Air 
Development Center, Wright-Patterson Air Force Base, Dayton, Ohio. 
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and psychophysical methods are employed to measure man’s response to the sound. 
This class of problems may be further subdivided into two groups: Group 1 
includes studies on the normal response properties of the sensory mechanisms, such 
as threshold of hearing, loudness and pitch perception ; group 2 includes all problems 
concerned with the evaluation of the degree of damage to a sensory mechanism or 
process, such as the determination of the extent of hearing loss in a damaged ear. 
At this time I shall consider the first class of problems only to the extent of review- 
I shall not discuss 
at all the intricate and fascinating problems composing group 2 of this class. 

The second class of problems pertaining to industrial noise control includes all 
those in which the measurements are made on the noise itself. 


ing briefly some of the important responses of the human ear. 


Today we shall 
The discussion will be 
aimed toward the determination of the best method or methods for measuring a 
noise field when we wish to estimate and predict the probable effect of that noise 
field on man. The method of noise measurement employed should also provide us 
This 
discussion would more appropriately be entitled, “Evaluating Industrial Noise for 
Its Effect on Man.” 

In this presentation, I shall approach the problem in a manner that was suggested 


concern ourselves principally with problems in this class. 


with all data essential for the design of noise-control devices or structures. 


by Dr. Raymond Hussey in his request for a discussion of the industrial noise 
problem. 1 shall consider problems involved in the measurement of noise when the 
purpose of the measurement is to obtain data for predicting the action of the noise 
on man. In doing so I shall describe some of the properties of materials used for 
controlling noise. I shall also present some provisional criteria to be used for 
evaluating the eifectiveness of our attempts to reduce noises to levels compatible 
with health, safety, and efficiency. The problem of selecting reasonable and reliable 
criteria for maxium allowable industrial noise levels is one of major importance 
because the expense of noise reduction can become an unbearable burden in many 
industries if the levels are chosen unnecessarily low. 


OVER-ALL 


NOISE-LEVEL 


MEASUREMENTS 
Many of the available reports of industrial noise levels have stated these levels 
in terms of over-all sound-level readings made with available sound-level meters. 
Several attempts have been made to specify man’s response to noise in terms of the 
over-all sound level. This is not justifiable because the only time the over-all 
sound level gives us sufficient information is when we measure a single pure tone 
of known frequency. Since industrial noises are usually composed of many fre- 
quencies, the over-all sound level is not an adequate measure to use when specifying 
man’s response to the noise. All sensory mechanisms of man that respond to sound 
are frequency-dependent. Therefore, any noise measurement made for the purpose 
of estimating the probable action of the noise on man must take account of the fre- 
quency-response characteristics of his sensory mechanisms. To be useful, then, our 
measurements of industrial noise must not state the total pressure of the noise-field 
alone but must state also the distribution of this pressure as a function of frequency. 
Let us now examine the reasons for this conclusion. 

Normal Thresholds.—.As an introduction to our discussion, let us examine 
briefly a few thresholds of the human ear (Chart 1). Observe the curve marked 
“Binaural Threshold.” This curve indicates the pressure required by pure tones 
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of various frequencies to just excite the human ear when we listen in a free field 
and the sound arrives at our ears from all directions. Note that the sound pressures 
required are small. Note especially that the pressure required to just excite the 
human ear varies greatly with frequency. The pressure required to excite the ear 
at a frequency of 50 cps is more than 1,000 times greater than the pressure required 
to excite the ear by sound at a frequency of approximately 3,000 eps. I shall discuss 
these relations more fully later and shall now simply refresh our minds as to the 
approximate sound pressures at which certain responses of the ear are evoked. 
Observe that three speech thresholds are described: (1) the pressure at which 
the ear can just detect the presence of a speech signal—threshold of detectibility ; 
(2) the pressure at which, with effort, about 50% of the speech signals are under- 
stood—threshold of perceptibility; (3) the pressure at which, without effort, the 
speech signal is nearly completely understood—threshold of intelligibility. 


Mechanical Damage 
§ 
Pain Threshold 
Olscomfort Threshold 
100}/- Equa! Loudness Contour (100 phons) 20 
' 
> 
—0.02 
a 
— Binaural Threshold, M.A.F.- Random incidence 0.002 
intelligibility 
° Perceptibility wad 
holds 0.0002 

40 50 100 500 1000 5000 10000 


Frequency in cos 


Chart 1—Some of the important thresholds of the human ear. These are discussed in the 
text. 


Observe also the range of pressure variations of normal conversational speech 
signals and note the variations of the pressures with frequency. 

There are three other thresholds which are of importance, particularly in indus- 
trial situations. The first of these is the discomfort threshold. It is not strongly 
frequency-dependent, and the sensation is evoked when the sound level is approxi- 
mately 120 db. The second threshold of this group is the pain threshold. This 
sensation of pain is evoked when the sound pressure level is about 140 db. Again 
the response is not frequency-dependent. The third of these thresholds is the thresh- 
old for mechanical damage. The damage considered is primarily damage to the 
middle ear and is damage that occurs immediately upon exposure to the sound. 
Mechanical damage occurs when the ear is exposed to sound levels of about 160 db. 
Let us keep these thresholds in mind as we examine more carefully the frequency 
response characteristics of the human ear. 
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Frequency Response-Ear.—Let us now examine the way the ear behaves in 
respect to the frequency composition of the sound field to which it is exposed. In 
the upper half of Chart 2 four curves, marked zero, 40, 70, and 100, have been 
drawn. These are equal-loudness contours. They show how the loudness of pure 
tones varies as a function of both the frequency and the pressure level of the tones 
Phe lowest curve, the zero contour, is the pure-tone threshold of the ear. It ts 
the lowest equal-loudness contour because it represents the minimum sound pressure 
at each frequency which the ear can just detect. Sound pressures below this level 
are unheard. Sound pressures above this level exceed threshold loudness. We 
observe that the threshold sensitivity of the human ear varies, as a function of 
frequency, by more than 60 db. (compare the threshold pressure in the frequency 
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Relation Between Pitch in Mels and Frequency in Cycles per Second 
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Chart 2.—Frequency-dependency of human response mechanisms and comparison with the 
trequency bands employed in an octave-band noise analyzer. 


region 3,000 to 4,000 eps with that at approximately 30 cps). This means that the 
sound pressure required to just excite the ear at frequencies between 30 and 40 eps 
is 1,000 times greater than that required to excite the ear at frequencies between 
3,000 and 4,000 eps. Or, we observe that a noise containing frequencies between 
2,000 and 5,000 eps can be 100 times lower in pressure than a noise containing 
irequencies near 100 cps and still just excite the human ear. If we examine the 
equal-loudness contours, we find that as the sound pressure is raised more and more 
above the threshold pressure the ear becomes more nearly uniform in its response 
as a function of frequency. At the 100-phon-loudness level sounds of any frequency 
hetween 25 and 2,000 eps appear equally loud when equal in pressure. Between 
2.000 and 6,000 eps there is a slightly increased sensitivity of the ear ; consequently, 
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sounds in this frequency range are louder than sounds of the same pressure at 
frequencies below 2,000 cps. Above 6,000 eps sounds of the same actual pressure 
level are less loud than sounds at frequencies below 2,000 eps. In general, when 
the sounds have attained this level we can state that the ear has a flat (equal) 
frequency response in respect to loudness. These equal-loudness contours imply 
that the loudness response of the ear to noises (many frequencies present) may 
depend much more on the relative pressure levels of the different frequency com- 
ponents than on the over-all sound level. Equal-loudness-curves for noise will be 
presented later. 

Speech Sounds.—Speech sounds are complex, and the sound pressures of the 
components vary with frequency. The dash curve in Chart 2 shows the way the 
pressure in average human speech varies as a function of frequency. It can be seen 
that the difference in pressure between frequencies around 300 cps as compared 
with frequencies around 5,000 eps is of the order of 24 db., or that the pressure of the 
speech frequencies around 300 cps is 16 times greater than the pressure of the fre- 
quencies around 5,000 eps. We see that not only does the ear vary in its response 
to sound as the frequency is changed but that the human speech signal, which the 
‘ar is most frequently called upon to detect and understand, also varies in pressure 
as a function of frequency. Because the levels of the frequency components of 
human speech vary, it is to be expected that industrial noises will vary in their 
capacity to interfere with speech signals as a function of the relative pressure levels 
of their several frequency components. This has been proved experimentally. To 
predict the capacity of the noise to interfere with speech signals, we must describe 
the noise in terms of the pressure level of each frequency present or in terms of the 
pressure level of narrow frequency bands rather than in terms of the over-all sound 
level (the integrated pressure level of all the frequency components ). 

Irequency and Other Ear Responses.—-\n the lower hali of Chart 2 we have 
plotted other data showing the relation between frequency and the response of the 
human ear. The upper plot shows how the important speech-frequency band is 
subdivided so that each of the individual bands contributes an equal amount to 
speech intelligibility. Twenty of these bands are shown, each of the bands indicated 
contributing 5% to the total intelligibility score. Observe that the bands vary in 
width along the frequency scale and that those portions of the audible spectrum 
below 200 eps and above 6100 eps contribute practically nothing to speech intel- 
ligibility. Furthermore, 50% of the intelligibility is contributed by frequencies which 
are present in the speech signal at relatively low pressures. We see that the 
speech interference capacity of an industrial noise will, therefore, be markedly 
dependent on the relative pressure levels of its frequency components. To predict 
this interference capacity of noise we must measure the pressure in terms of rela- 
uvely narrow bands, within which the speech signal is flat as a function of frequency. 

The middle plot shows how pitch varies as a function of frequency. The pitch 
unit used is the mel, and the audible spectrum from 20 to 14,000 eps has been sub- 
divided into bands each 250 mels wide. These bands each represent equal units 
of pitch change, and it can be seen that the width of the band required to produce 
a change in pitch of 250 mels varies markedly with its location in the frequency 
spectrum ; a band 130 cps wide in the low end of the frequency scale gives a pitch 
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increment of 250 mels, whereas at the upper end of the scale the frequency band 


giving the same pitch change is 5,000 cycles wide. Again, it is clear that 1f we wish 


to predict from our noise measurements how the noise will affect the sensation of 


pitch our measurements should be made in terms of relatively narrow frequency 


bands rather than in terms of the total sound spectrum. 


The bottom plot shows how the frequency spectrum is subdivided in one method 


of measuring industrial noise. In this method the sound pressure of portions of 


the frequency spectrum each one octave wide are measured. The lowest octave starts 


at 37.5 eps and extends to 75 eps. Each succeeding band contains twice as many 


frequencies as the band below it. The octave bands commonly used are the follow- 
ing: (1) 37.5 to 75 eps; (2) 75 to 150 eps; (3) 150 to 300 eps; (4) 300 to 600 eps; 


. (5) 600 to 1200 eps; (6) 1200 to 2400 eps; (7) 2400 to 4800 eps; (8) 4800 to 

™ 9600 eps. In some instruments the lowest octave is allowed to include additional 
frequencies down to 20 cps and the highest octave is allowed to include additional 

| frequencies up to approximately 10,000 eps. It is now rather common practice in 
4 measuring industrial noise to measure it in terms of the integrated sound pressure 
3 in each of these octave bands. Although this subdivision of the frequency scale 
| into octave bands may not provide the best possible divisions for predicting the 


action of noise on the various response mechanisms of the ear, it is convenient and 


is one of the best compromises between the varied band-width requirements of the 
different ear responses. 


These data demonstrate that a single over-all noise-pressure measurement, 


which sums the sound pressures contributed by the frequency components of the 


total spectrum, is not an adequate specification of the noise level when we wish to 


predict the response of the human ear to the noise. The response of other sensory 


mechanisms of the human body also vary as a function of frequency, and therefore 


it appears mandatory that we break down the audible spectrum into several nar- 


rower bands when we measure a noise for the purpose of predicting its action on 


the human body. 


Sound Absorption.—To further illustrate why it is desirable to measure indus- 


trial noise in terms of several relatively narrow bands rather than in terms of one 


over-all (integrated) sound pressure, I should like to show how certain materials 


vary in their capacity to absorb sound. In Chart 3 the absorption coefficient has 


heen plotted as a function of frequency for three different materials commonly used 


for noise control. One material (curve marked T}Il’-F) shows a minimum sound 


absorption of 125 eps, an increase to a maximum between 500 and 1,000 eps, and 


then a steady decrease in capacity to absorb sound as the frequency increases to 


4,000 eps. Another type of material, marked PFD, has an even lower absorption 


capacity at low frequencies ana varies markedly in its ability to absorb sound as the 


frequency changes. It is much less regular in its sound-absorption capacity than 
the material previously discussed. A third type of material, marked 40R, absorbs 


still less sound at low frequencies. Its absorption capacity increases rather steeply 


to a maximum at about 2,000 cps and then decreases as the frequency is increased 


to 4,000 eps. We see, therefore, that the materials which are commonly used for 


the control of industrial noise also exhibit a variation in their effectiveness that is 


dependent upon frequency. Noise measurements expressed in over-all sound levels 
are not useful in selecting material or in designing structures that will be effective 
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in controlling noise. To design noise-control devices effectively it is necessary to 
measure and to state the sound pressure as a function of frequency, and measure- 
ments in terms of octave bands are relatively convenient for this purpose. 

The last material illustrated in Chart 3 happens to be the surface of a rat. In 
one curve the absorption of sound by the furred animal is shown. Note that 
the absorption is relatively high near 700 cps, decreases to a minimum at 2,000 eps, 
and then rapidly increases as the frequency increases up to 7,000 eps. In fact, the 
absorption continues to increase (although not indicated on this chart) up to about 
18,000 cps. In contrast to this, observe the absorption of sound by the shaved 
animal. First, the over-all absorption is lower at all frequencies. Second, the 
greatest amount of absorption occurs at about 500 eps and steadily decreases as 
the frequency increases until the absorption is negligible at approximately 4,000 
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Chart 3.—Variation of sound-absorption capacity of several materials as a function of 
frequency. 


cycles. The absorption of sound by the surface or the human body follows a curve 
similar to that of the shaved rat, except that the total absorption at any frequency 
is much less. These curves indicate that if we wish to evaluate noise in terms of 
its physical effects on animals and/or man it is necessary that the measured noise 
levels be expressed as a function of frequency, not as an over-all noise level, because 
the absorption of energy from the sound wave varies as a function of frequency. 
Loudness of Noise-—Let us now examine the loudness response of the ear to 
complex noise fields. We have already seen in reviewing Chart 2 that for pure tones 
the loudness of the tone varies as a function of frequency. In Chart 4 is shown the 
way the loudness of a complex noise varies as a function of frequency when the 
total spectrum is divided for measurement into octave bands. For the lowest curve 
a loudness of 1/10 sone per octave was selected. Note that as frequency increases 
the pressures required to produce this loudness decrease to reach a minimum, in the 
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octave 2,400 to 4,800 eps, of approximately 16 db. (a decrease in pressure of 38 db., 
or approximately 1/100). At higher frequencies, in the 4,800 to 9,600 cps octave, 
the sound pressure per octave must be increased to produce the same loudness. 
Three additional curves are shown for loudness levels of 1, 10, and 100 sones per 
octave. The general characteristics of these curves are similar to those of the curve 
already discussed, although there is a tendency at very high loudness levels, 100 
sones per octave, for the curves to flatten so that the loudness of different octaves at 


the same pressure level is more nearly equal, particularly in the low-frequency end 


of the spectrum. However, a diiference of approximately 24 db. still exists between 
the 2400 to 4,800 eps octave and the 37 to 75 eps octave. These data illustrate 
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Chart 4.—Relationship between sound-pressure level in octave bands and the loudness of the 
noise in the bands, 


again that if we wish to know how the loudness of a complex, wide-band noise 


varies We must measure that noise in relatively narrow frequency bands. 


Comparison of Noise Levels with Deafness-Risk Criterion—In order to illus- 
trate the difficulty of using an over-all sound-level reading for the evaluation of the 


probable action of complex industrial noise on man, I shall compare three different 


noise levels with a criterion that I have been using on a tentative basis and that | 


call a deatness-risk criterion, This criterion will be discussed more fully later. In 


Chart 5 there have been plotted the levels in octave bands of three different indus- 
trial noises, and there have also been included the over-all level (OASL) of these 
noise fields and the loudness in sones of the noise fields. Let us first consider the 
sound field giving an over-all noise level of 109 db. If we plot the analysis of 
this sound field in octave bands, we find that at three points it touches or just 
exceeds the deafness-risk criterion and that in all other octaves the levels are below 
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those of the deafness-risk criterion. The loudness of this noise field is 435 sones 
(OASL = 109 db.). Let us now compare this field with one having an over-all 
sound level of 107 db. On the basis of the over-all noise level readings the second 
noise is slightly less dangerous than the first. If we plot the octave analysis of this 
sound field, we find that it exceeds the deafness-risk criterion in five out of eight 
octaves and lies very much above this criterion in the 1,200 to 2,400, 2,400 to 4,800, 
and 4,800 to 9,600 octaves. Although the over-all level of this noise is lower, 107 
db., it is a much more hazardous noise than the previous one described, having a 
level of 109 db. Furthermore, when we compare the loudness of these two noises 
we observe that the sound-field measuring 107 db. has a loudness of 837 sones, 
whereas the noise-field measuring 109 db. has a loudness of only 435 sones. The 
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Chart 5.—Comparison of noises having certain over-all levels and of the over-all levels 
with the loudness (calculated) of the noise. 


loudness of the 109 db. noise is actually only about one-half that of the 107-db.-noise 
field. The over-all noise levels gave no indication whatever of the relative loudness 
of these two noise fields; in fact, they indicated the exact opposite of the real con- 
dition. The third noise field is very much weaker, the over-all level being 94 db. 
This over-all level of 94 db. is well above many of the values of the over-all noise 
level that have been proposed as the maximum noise level to which the human ear 
should be exposed. When we plot this noise on an octave basis, we find that in all 
octaves it is more than 10 db. below the deafness-risk criterion. We would say 
that this noise is not a hazard to human ears exposed to it. When we compare the 
loudness of this noise with that of the two others described, we find that it is 
approximately one-eighth as loud as the 107 db. noise and one-fourth as loud as 
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the 109 db. noise. The actual loudness of this noise field is 116 sones. The loud- 
nesses of these three noises are certainly more in proportion to the relative probable 
damaging actions of the noise fields than are the over-all noise levels. Here, we see 
that it is not possible to correlate the over-all noise level with either the probable 
damaging action of the noise field or the loudness of the noise field. A far better 
estimate can be made of the relative probable damaging action of a noise field or 
of its loudness when its level is measured in a number of relatively narrow frequency 
bands. 

Octave-Band Measurements.—Since throughout the remainder of the discussion 
I shall present all data in terms of octave-band measurements of the noise field, we 
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Chart 6.—-I}ustration of the way in which octave-band pressure levels vary when the level 


per 1 cps band is constant, increases, or decreases as a function of increasing frequency. 


should consider briefly some properties of octave-band measurements. Let us first 
consider a noise field which has present in it all frequency components from 37 to 
9,000 eps, and let us assume that each of the frequency components present is at 
the same pressure (Chart 6). The pressure that has been selected is 1/10 microbar, 
or 54 db, per band 1 eps wide. This is a continuous flat-spectrum noise. If we 
measure this noise with a filter divided into octave bands starting at 37.5 cps, we 
obtain the level in each octave that is indicated on this chart by the solid-line seg- 
ments. First we note that in the 37.5 to 75 eps octave the over-all level of the band 
is 69.7 db. There are 37 cycles in this octave, and these add up to give a pressure 
for the band 15.7 db. above the pressure level of each component, 54 db. If we 


examine the other octaves we observe that each succeeding octave is 3 db. higher 
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in pressure level than the one below it. This is because each octave contains twice 
as many frequencies as the one below. Therefore, we know that when our octave 
measurements show an increase of 3 db. in each succeeding higher octave the noise 
being measured has a flat spectrum, that is, all frequency components are present 
at the same pressure level. 

Let us now assume that we have a noise starting with the same pressure level 
for the lowest frequency of the lowest octave and increasing at 6 db. per octave 
(the dash line on the graph). Now we see that our octave-band pressure levels 
increase in steps just as they did before but that the pressure level of each higher 
octave is 6 db. above the level of the one below. On the other hand, if the spectrum 
slopes in the opposite direction—that is, the per-cycle-pressure level decreases at 
a rate of 6 db. per octave—the octave-pressure levels decrease, each succeeding 
octave level being 3 db. lower than the level of the octave below. The decrease at 
each higher octave is only 3 db. because doubling the number of frequency com- 
ponents with each succeeding higher octave gives a rise of 3 db.; hence when the 
spectrum falls at a rate of 6 db. per octave the octave-pressure-level readings are 
—6 db. added to +3 db., giving the sum, —3 db., as the rate of fall in pressure 
level of the succeeding octaves. Of course, if the spectrum level decreases at a 
rate of 3 db. per octave, the pressure level readings are the same for all octaves. If 
we take these factors into account, we can estimate by examining the plot of the 
octave noise levels whether the spectrum is flat, is increasing, or is decreasing as 
a function of frequency. This is useful information because most industrial noises 
contain a frequency region in which the spectrum is flat and is preceded and/or 
followed by a frequency region through which the pressure per cps rises or falls 
as a function of frequency. By specifying the frequency region in which the level 
per cycle is uniform and stating the octave pressures in this region together with 
the specification that at higher or lower frequencies the pressure rises or falls at a 
certain rate, one can give sufficient information for carrying out preliminary engi- 
neering designs of sound-control structures. Likewise, it is possible to use this 
information in estimating the loudness of the noise or its capacity to mask speech 
signals and other possible effects on man’s response mechanisms. 

Narrow-Band Measurements.—There are types of industrial noise which cannot 
adequately be described by octave measurements alone. Noise from a propeller- 
driven aircraft frequently has a major part of its total acoustic energy concentrated 
in a single frequency or in that frequency and a relatively small number of har- 
monics. The noise generated at the intake to the compressor of jet engines frequently 
has the sound energy concentrated in a single frequency. In all these cases some 
form of narrow-band analyzer should be used in conjunction with the octave- 
analysis system in order to obtain the information necessary to predict the probable 
responses of the men exposed to these noise fields. In fact, we always desire to 
know the pressure level of each frequency component in the noise. Measurements 
to obtain this information are extremely tedious. We may calculate the level per 
1-cps-band width from octave band or other relatively narrow band measurements. 
When we do this we must. however, make our measurements in band widths that 
are narrow enough to assure that our approximated levels per 1 eps (calculated) 


‘ 
4 
= 
4 
2 
5 
4 
é 
x 


426 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


are close to the real values. For the noise fields in most practical situations octave 
hands are sufficiently narrow when we are working in the audible portion of the 
frequency spectrum. 

Human Tolerance Criteria.—We are concerned with the protection of personnel 
exposed to rather high-level industrial noise. The noises generated by aircraft power 
plants are as high as, and are frequently much higher in level than, the usual indus- 
trial noises. It has been necessary to design protective devices, including both 
personal protective equipment and noise-control structures installed in buildings, 
in order to reduce the noise levels sufficiently to provide satisfactory working con- 
ditions for our personnel. For evaluating the effectiveness of these protective 
devices some tentative criteria have been set up which state maximum allowable 
noise levels that are compatible with the safety and performance efficiency of 
personnel.! These criteria were designed primarily to be used as engineering guides. 


MOISE LEVELS — HUMAN TOLERANCE CRITERIA 
WIDE BAND NOISE FIELOS 
+ 
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Chart 7..-Human tolerance criteria for evaluating wide-band noise fields. 


In certain cases their use alone is adequate for determining whether satisfactory 
or unsatistactory noise conditions have been achieved. In other cases, especially with 
respect to the maintenance of adequate communications, it is sometimes necessary to 
make more exact calculations from the noise-level data to determine exactly how 
much interference to communication results from exposure to the noise. I shall now 
discuss these criteria. The criterion which permits the highest noise levels is called 
the deafness-risk criterion. It states the pressure level in octave bands above which 
the industrial noise may not rise if one wishes to be sure that in not more than 5% of 


1. Beranek, L. L.: Noise Control in Office and Factory Spaces, in Chemical-Engineering 
Conferences, Fifteenth Annual Meeting, Industrial Hygiene Foundation, Mellon Institute, 
Pittsburgh, Transactions Bulletin No. 18, 1950, pp. 26-33. Peterson, A. P. G.: An Octave-Band 
Analyzer for Noise Measurement, Gen. Radio Experimenter 26:1-7 (Sept.) 1951. Parrack, H. 
O.: Physiological and Psychological Effects of Noise, in Proceedings of the Second Annual 
National Noise Abatement Symposium, Chicago, Oct. 1951, Vol. 2, pp. 21-38. 
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the persons exposed to the noise will develop some permanent deatness. It applies 
to personnel exposed through a normal working day over long time periods. The 
allowable levels are shown in Chart 7. li the level in any octave band exceeds the 
values given, the noise is rated hazardous. The over-all noise level of a sound field 
meeting this criterion may be slightly over 110 db. I wish to have it understood 
that we prefer that personnel be exposed to noise levels considerably lower than 
indicated by this criterion when maintenance of a lower noise level is possible. 
However, there are situations in which one finds it extremely difficult to reduce 
the noise levels to the stated values. 

Voice Communication Criteria—Four ditterent criteria pertaining to the pres- 
ervation of voice communication are shown in Chart 7. These are marked by the 
code S7L-75, 65, 55, and 45, respectively. The number in this code specifies a noise 
level which will cause a certain amount of interference with voice communication. 
The number is actually the average of the sound pressure levels in decibels for the 
three octave bands, 600 to 1,200, 1,200 to 2,400, and 2,400 to 4,800 eps. This 
average, called the speech interference level, or speech interference index, has been 
found to be satisfactory in making preliminary estimates of the degree of inter- 
ference to speech communications that a noise will produce. 

SIL-75: Ina noise which meets this criterion communication will be very diffi- 
cult. One would have to speak in a very loud voice and use a selected and possibly 
a prearranged vocabulary in order to be adequately understood over a distance of 
about 1 ft. It is to be recommended that, where at all possible, in industrial situa- 
tions noise levels should not be allowed to exceed the limits set by this criterion. 
The maximum over-all noise level of an industrial noise meeting this criterion would 
be of the order of 108 to 109 db. 

SIL.-65: When the noise field meets this criterion, barely reliable communica- 
tion should be possible by using the raised voice over a distance of 2 ft., by using 
a very loud voice over a distance of 4 ft. and by shouting over a distance of about 
8 ft. 

SIL-55: When the noise levels fulfill the requirements of this criterion, con- 
tinuous communication is possible in work situations such as business offices, secre- 
tarial offices, and control rooms of test cells. .\ normal voice makes possible effective 
communication over a distance of 3 ft.; the raised voice permits communication 
over a distance of 6 ft.; a very loud yoice permits communication over a distance 
of 12 ft. 

SIL-45: Where the noise level does not exceed the limits of this criterion, 
relaxed normal conversation is possible with use of a normal voice over a distance 
of 10 ft. This is a satisfactory condition for private offices, conference rooms, ete. 
The last criterion shown in Chart 7 is designated a sleep-and-rest criterion. Ii 
noise levels satisfy this criterion, personnel in hospitals or quarters or individuals 
in private homes would usually obtain normal sleep, relaxation, and rest. However, 
satisfying this criterion does not mean that there will be absolutely no complaints 
about the noise. Particularly if the noise differs considerably from the usual ambient 
noise in the area as regards its frequency composition people will notice it and may 
complain about it. However, healthy persons not previously prejudiced or influ- 
enced by other factors should be able to live normally in noise levels which meet 
this criterion. 
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l’se of the Criteria.—-| shall now consider the use of these criteria in evaluating 
noise levels (Chart 8). In this chart the criteria just discussed have been redrawn, 
and there have also been placed on the same graphs samples of noise fields measured 
in various engine test facilities. We shall first consider a control room in which the 
over-all noise level was 114 db. The noise pressure levels exceed the deafness-risk 
criterion by about 10 db. in nearly all octaves. Comparing this noise level with the 
deafness-risk criterion shows that it is necessary to reduce the noise level by at 


least 10 db. in all octaves above 300 eps in order that permanent deafness will not 
develop among personnel working in this control room. This room is not recom- ey 


mended for continuous use by personnel. If we wish to maintain any communica- “a 
tions at all in this control room, still more reduction in noise level is required. 


As Several other samples of control room noise are shown in the chart. In one of them 
4 Centro! Room (S.A.) 
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Chart &.—-Comparison of measured industrial noise fields with the human tolerance criteria. 


the over-all noise level was 104 db. The level in the 300 to 600 cps octave just 
touches the deafness-risk curve. This control room is not recommended for con- 


tinuous use, although it may be used for short periods when communications are 
not required for the work in hand. In another control room the over-all sound level 


is 95 db. The noise level in all octaves is well below the deafness-risk criterion. 
However, the noise levels are high enough in the frequencies essential for speech 
communication that very poor communication will be found in this control room. 
The last control-room noise considered measured &4 db. over-all. In most octaves 
the noise level lies below the SIL-65 criterion, and in all of them it lies above the 
SIL-55 criterion. This noise is rated completely safe in respect to possible ear 
damage. Fair communications will be possible, but the level is still above that 
recommended for control rooms. The maximum noise level recommended for 
control rooms is that shown by the SIL-55 curve. 
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These criteria have been applied so far in evaluating noise in respect to its action 
on personnel within the plant. The criteria can be applied also in evaluating notse 
levels in residential or other areas outside industrial facilities. In these instances 
the speech communications criterion would be used. In residential areas the notse 
level at night should not exceed the sleep and rest criterion shown in Chart 7. 


SUMMARY 


Certain of the physiological response mechanisms of man are reviewed, and it 
is shown how their response is related to frequency. It is also shown how materials 


used for noise control vary in their effectiveness as a function of frequency. It is 


shown that the over-all noise-level reading cannot be correlated with the response 
of the human ear to the noise. On the basis of the data presented the conclusion is 
reached that in measuring industrial noise one must take the frequency function 
into account by measuring the noise levels in frequency bands not greater in width 
than one octave. Certain criteria for evaluating noise, when measured in octave 
bands, in respect to the probable response of man to this noise are stated. The use 
of these criteria in evaluating the effectiveness of our attempts at noise control is 
illustrated. 
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AUDIOMETRIC DATA FOLLOWING EXPOSURE TO 
LOW-FREQUENCY-CENTERED NOISE 


E. J. SCHOWALTER, M.D. 
CHICAGO 


URING the past two decades there had been accumulating increasingly con- 
D vincing evidence that exposure of workers to certain noises causes hearing 
impairment. Some general statements have been made regarding the kinds of noise 
that will cause this impairment. Various publications have listed 85,’ 90,? and 
100° decibels as the upper limit of safety, without indication as to how the pressure 


| is distributed in the sound spectrum. The work of others, such as Perlman * and 
Kobrak,® indicates that high-frequency-centered noise is more harmful to the human 


ear than low-frequency-centered noise. 


Because working conditions change from time to time and workers are rotated 


on their jobs, it has been difficult to gather specific data regarding specitic 


exposures. This report represents our beginning efforts to obtain audiometric 
readings on workers who have been exposed to specific noises over relatively long 
periods (over two vears). We tested employees’ hearing acuity in a sound-treated 
room, using Western Electric Company's 6BP Audiometer. Our engineering 


organization measured noise levels, frequencies, and components of noise in various 
working areas using Western Electric Sound Level Meter and Pass Band Filter 


Set, except ina few areas where high magnetic fields existed; in these areas they 
used a General Radio Sound Level Meter and Sound Analyzer. 


This report is limited to workers who were exposed to noises of 90 db. or 
higher, with energy concentrations at or below 150 cps. Their environment corre- 


sponds to Code 9 according to R. M. MeGrath’s scale for classifying noise." 


Medical Director, Western Electric Company, Inc., Hawthorne Works. 

1. Watson, L. A., and Tolan, T.: Hearing Tests and Hearing Instruments, Baltimore, 
Williams & Wilkins Company, p. 212, 1950. 

2. MeCord, C. P.; Teal, E. E., and Witheridge, W. N.: Noise and Its Effect on Human 


Beings: Noise Control as By-Product of Air Conditioning, J. A. M. A. 110:1553 (May 7) 
1938. 


3. MacLaren, W. R., and Chaney, A. L.: An Evaluation of Some Factors in the Develop- 
ment of Occupational Deafness, J. Indust. Med. 16:109 (March) 1947, pp. 114, 111, and 110. 


4. Perlman, H. B \coustic Trauma in Man: Clinical and Experimental Studies, Arch. 
Otolaryng. 34:429 (Sept.) 1941, 


5. Kobrak, H. F. G., cited by Watson and Tolan, p. 211. 


6. McGrath, R. M.: An Objective Method of Classifying Industrial Noise Environments, 
Proceedings of the Second Annual National Noise Abatement Symposium, Oct. 5, 1951, Vol. 
2, p. 11; A. M. A. Arch. Indust. Hyg., this issue, p. 436. 
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Although there are 292 employees on the roll who work at jobs having the above- 
specified noise exposure, only 28 of this group were used in this study; 231 were 
eliminated because their job exposure has been too varied; 13 were eliminated 
because of definite ear pathology of nontraumatic origin; 10 were eliminated 
because they were on the job less than two years, and 10 were eliminated because 
their audiograms were markedly atypical. The remaining 28 employees are as 
nearly like laboratory subjects as we could obtain in our industrial situation. The 
binaural hearing losses of these employees have been computed according to the 
formula suggested by the Council on Physical Medicine of the American Medical 
\ssociation.?”. MacLaren’s classification * has also been applied to their audiograms. 


Tasre 1.—Audiometric and Environmental Findings Related for Eighteen Employees Working 


Less than Five Years with Noise Levels of 90 Db. and Over and Energy : 
Concentrated in Low Frequencies 4 
Noise Characteristics 
Energy 
Coneentration 
All Oto 300to 
peri- Noise Con- Non- 300 600 Binaural MacLaren Class* 
ence, Levels, tinu- Inter- Vari- Vari Cps, Cps,  Cps, Loss, “A 
Emp. Age Sex Oce. Yr. Db. ous mittent ant ant % % % % I Il Il IV 
30 F A 4 90 x x 61 19 15 0.03 x 
23 F A 3 w” x x 61 19 15 0.05 x 
32 F A 3 91 x x i 3 18 0.08 x 
4 28 M B > ow x x 87 4 4 0.26 x 
7 M ( 2 4 x x ST 4 4 0.29 x 
at M D 3 4 x x 87 4 4 ol x 
48 M B 3 a4 x x 87 4 4 0.63 x 
33 M E 3 x x 41 0.6 x 
37 M F 2 x x 98 O5 x 
31 M G x x 1.1 x 
il 2s M H 2 101 x x ye 0.2 x 
ib 31 M I 3 101 x x " 0.0 x i 
13 “OM 3 101 x x 0.1 x 
i4 M J 3 ol x x 0.0 x \ 
K 3 wl x x - x 
it M L 4 x x 0.6 x | 
17 29 M 4 101 x x 0.1 x 
is 3 M L 4 101 x x 0.7 x | 
* MacLaren classification (excluding pathological and atypical classes): : 
‘lass I—no loss exceeding 20 db. in any frequency 
Class Il—losses exceeding 20 db. in high frequencies 
Class Ill—losses exceeding 20 db. in speech frequencies 
Class [V— losses exceeding 20 db. in all significant frequencies | 


Table 1 shows the data recorded on 18 employees who were exposed to the 
noise of their industrial environment between two and five years. It will be noted 
that there is practically no binaural hearing loss for any one of these employees. 
All of them but two have Class | audiograms according to MacLaren. Chart 1 
shows a typical audiogram from this group. Chart 2 is a composite audiogram of 
the entire 18 employees. This shows a composite binaural hearing loss of 0.28% 
and would be classified as a Class I audiogram according to MacLaren. 


7. Tentative Standard Procedure for Evaluating the Percentage Loss of Hearing in 
Medicolegal Cases, Report of the Council on Physical Medicine, J. A. M. A. 133:396 (Feb. 8) 
1947, pp. 396 and 397. 


8. MacLaren and Chaney,® p. 111. 
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Chart 1.--Audiogram typical of those of workers exposed to environmental noise of 90 db. 
or more, with energy concentrations at or below 150 cps, between two and five vears. The 
subject, aged 35 years, had had four years’ exposure and showed practically no binaural hearing 
loss. Q.on the audiogram indicates average normal hearing for ages 18 to 23. 
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Chart 2.—Composite audiogram of 18 workers exposed to environmental noise of 90 db. 
or more, with energy concentrations at or below 150 eps, from 2 to 4.9 years. The average 


age of the group was 31.2 years. The average binaural hearing loss was 0.28%. 
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LP ABLE 2.—Audiometric and Environmental Findings Related for Ten Employees Working More 
Than Five Years with Noise Levels of 90 Db. 


Concentrated in Low 


and Over and Energy 


Frequencies 


Noise Characteristies 


Energy 
Concentration 
Over- 
Ex All 2to 300 to 
peri Noise Con- Non 1M 300 6 Binaural MacLaren Class* 
ence, Levels, tinu- Inter- Vari- Vari- Cps, Cps Cps, Loss, ~ 
Emp. Age Sex Oce. Yr. Db ous mittent ant ant % % % I i itl IV 
19 52 F A 5 91 x x 46 23 18 3.1 x 
20 35 M M 5 93 x x 79 13 6 1.3 x 
21 41 F A 7 98 x x 79 13 6 0.08 x 
22 27 F \ s 98 x x 79 13 6 0.0 x 
31 8 93 x x 68 9 x 
42 M x x 87 4 0.3 x 
5 35 M E 8 97 x x 6s 22 9 1.6 x 
6 49 M E 9 x x 68 4 x 
27 39 M E 9 97 x ¥ 68 nd 4 0.9 x 
28 37 M L 10 101 x x 99 0.3 j 
* MacLaren elassification (excluding pathological and atypical classes): 
Class I-— no loss exceeding 20 db. in any frequency 
Class Il—losses exceeding 20 db. in high frequencies 
Class ITl—losses exceeding 20 db. in speech frequencies 
Class IV—losses exceeding 20 db. in all signifleant frequencies 
Tastt 3.—Statistical Constants for Distributions of Auditory Acuity Measurements by Air 
Conduction on 4,539 Male and 5,879 Female Ears Having a Clinical History of Normal } 
Hearing, Classified According to Certain Specific Age Groups* 
Arithmetical Mean, Decibels Probable Error of Mean, Decibels i 
Number Audiotfrequency, Cycles \udio frequeney, Cycles 
in Years Fars 12s 206 512) 1,024 2,048 4,096 8,19 4 12s 1,024 2,048 4,006 8,192 
Male 
1,072 4.5 §.2 7.6 1.8 Os 8.2 110 O14 O14 0.13 O14 o14 O15 0.28 
15-24 S66 9 3.6 7.5 71 1.1 0.2 11.3 10.7 0.16 0.16 O15 0.15 O15 O18 6.33 0.35 
2.3 2.7 7.3 6.6 1.7 16 17.9 15.0 0.15 0.16 0.15 O15 0.16 O44 0.40 
917 3.2 3.8 86 8.0 3.0 4.2 6.2 21.7 0.15 0.16 O15 0.15 0.16 0.19 O45 0.438 
4.5 94 8.6 44 $2.3 312 0.19 0.2% 0.18 0.19 0.% O54 0.56 
55-64... 5.2 5.7 109 40.8 0.31 O34 0.°9 0.30 0.38 O86 0.82 
65 and over 860 5 8120 os 61 98 44.3 4.5 O48 0.56 0.57 0.56 1.36 1.45 
1.938 40 79 7.4 15 10.9 0.10 O11 0.10 0.10 o.12 0.20 
1,726 3 7.2 2.4 3.0 3 18.6 0.11 0.11 oll oll O11 0.14 0.32 0.30 
45 and over 8&7 1.8 10.2 9.0 4.7 7.0 35.7 35.4 O15 0.17 O15 0.16 0.17 0.20 OM 0.46 
Female 
5-14 108 86 48 85 12 07 6 71 O18 O14 O14 015 O14 0.15 018 0.24 
15-24 1,118 3.2 10 8.2 O06 1.0 64 69 O14 0.14 O14 O14 0.13 0.15 0.19 0.22 
1,334 3.6 8.7 2.4 09 9.6 10.4 0.13 0.13 O18 0.13 0.13 O14 0.19 0.21 
1,358 4.8 6.7 10.0 9.3 34 3.0 12.1 13.3 O13 0.12 0.13 0.13 0.14 0.19 0.24 
45-54 64 7.5 116 11.2 17.0 21.5 O17 0.18 O17 0.18 0.19 0.20 0.28 0.40 
55-64....... 259 79 92 12.7 12.4 9 68 20,7 94 O28 G28 027 028 0629 O36 060 0.70 
65 andover 8.7 10.1 138 M2 7.8 9.0 44 7.7 0.53 0.56 056 0.58 O54 1.19 
5-24. 2,154 44 8.3 73 OS 6.0 7.0 0.10 O.10 0.10 0.10 0.11 6.13 0.16 
25-44....... 2,602 432 51 9.3 8.7 2.9 2.0 10.9 18 0.09 0.09 0.09 0.09 0.09 0.10 0.13 0.16 
45 and over 1,083 7.0 82 121 11.8 9.8 5.8 18.6 49 O15 0.15 O15 0.17 0.26 0.35 


* From Beasley.* 
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Chart 3.—Audiogram typical of those of workers exposed to environmental noise of 90 db 


or more, with energy concentrations at or below 150 cps, between 5 and 11 years. The subject, 
aged 37 years, had had 10 years’ exposure and showed a binaural hearing loss of 0.3%. 


ver 


-10 


HEARING LOSS IN DECIBFLS 


-— — 


1024 2048 
FREQUENCY IN CYCLES PER SECOND 
AIR CONDUCTION RIGHT O 


BONE CONDUCTION RIGHT } 


Chart 4.—Composite audiogram of 10 workers exposed to environmental noise of 90 db. 
or more, with energy concentrations at or below 150 cps, from 5 to 9.9 years. The average 


age of the group was 39 years. The average binaural hearing loss was 1.08%. 
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Table 2 shows the data recorded for 10 employees who were exposed to the 
noise of their industrial environment between 5 and 11 years. Again there is no 
significant binaural hearing loss for any of these employees. Chart 3 shows a 
typical audiogram from this group. Chart 4 is a composite audiogram of the entire 
10 employees. This shows a composite binaural hearing loss of 1.08% and would 
be classified as a Class I audiogram according to MacLaren. 

Unfortunately, we do not have audiograms of these 28 employees prior to their 
industrial experience. In an attempt to determine the amount of binaural hearing 
loss that might be attributed to advancing vears, we have reviewed the work of 
W. C. Beasley * regarding age variations in hearing loss. Table 3 shows Beasley's 


4.—Effect of 


Age on Average Binaural Hearing Loss 


Average Binaural Loss 
= 
General Popula- 
tion (Computed 
Average from Beasley's Employees in 
Age Data), % This Survey, % 


Exposure, Years 


31.9 0.3 0.33 
28.3 0.3 0.04 


39.7 19 1.13 


audiometric data for males and females in various age groups and having a history 
of normal hearing for speech. Over 10,000 ears were tested during this survey. 
We applied the binaural hearing loss formula to Beasley's data, and compared the 


results with our own figures (Table 4). 


SUMMARY 


Exposure to noises that have over-all levels between 90 and 101 decibels 
apparently does not cause significant hearing loss, provided the energy concentra- 
tion of the noise is 150 cps or lower. We believe that these data emphasize the 


need of additional studies throughout industry, correlating job (noise) exposure 


with audiometric findings. 


9. Beasley, W. C.: Sex Differences and Age Variations in Hearing Loss in Relation to 
the Stage of Deafness, National Health Survey Bulletin No. 6, National Institutes of Health, 
U. S. Public Health Service, 1938, p. 5 
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AN OBJECTIVE METHOD OF CLASSIFYING INDUSTRIAL 
NOISE ENVIRONMENTS 


RALPH M. McGRATH, MS. 
CHICAGO 


HIRE is general agreement that intense noise causes impairment to the 


hearing of human beings if they are subjected to it long enough, but there is 


ps some difference of opinion as to what noise levels cause impairment. One important 
Hi reason for that lack of agreement is that no one has offered a method of classifying 
noise environments that is based on the generally accepted fact‘ that it is not only 
the intensity of the noise but also the manner in which it is distributed through the 
audible trequency range of the spectrum that determines the degree of impairment. 
It is only in recent years that the Western Electric Company, which is the manu- 
facturing branch of the Bell System, has turned its attention to the measurement 


j of industrial noise as described recently.* It is evident that measurements based 
solely on over-all levels without regard to the manner in which the pressure is dis- 
tributed through the spectrum do not reveal the true impairment effect. Thus 
experience has shown that the published limits of safety of 85,5 90* and 100° db. 
without indication as to how the pressure is distributed in the sound spectrum 


classify as unsafe many environments which when correlated with the audiometric 
findings indicate that no significant hearing impairment is present even after pro- 
tracted exposure. It follows then that unless the published limits of safety state 
how the pressure is distributed in the various frequencies of the spectrum these 
figures cannot be accepted as valid standards. Such stated limits of safety may 
impose an undue hardship on industry in that they tend to compel the correction 


of conditions that are not causing hearing impairment. Therefore a method of 
classification which is based on the fact that it is not only the intensity of the noise 


but the manner in which it is distributed through the sound spectrum will con- 


form more closely to the scientific findings and will ditferentiate those environments 


which are not harmful from those environments which are. The chart or code 


Engineer, Hazards Organization, Hawthorne Plant, Western Electric Company. 


1. Wheeler, D. Fo: Noise-Induced Hearing Loss, Arch. Otolaryng. 51:344 (March) 1950, 
p. 347. Guild, S. R.: Industrial Noise and Deafness, J. Insur. Med. 5:32 (April) 1950. 


2. MeGrath, R. M.: An Objective Method of Classifying Industrial Noise Environments, 
in Proceedings of the Second Annual Noise Abatement Symposium, Chicago, Oct., 1951, 
Vol 7 


3. Kobrak, H. G.: Cited by Watson, L. A., and Tolan, T.: Hearing Tests and Hearing 
Instruments, Baltimore, Williams & Wilkins Company, 1950, p. 212. 


4. McCord, C. P.; Teal, EF. E.. and Witheridge, W. N.: Noise and Its Effect on Human 
Jeings, J. A. M. A. 220:1553 (May 17) 1938, p. 1555. 


5. MacLaren, W. R., and Chaney, A. L.: An Evaluation of Some Factors in the Develop- 
ment of Occupational Deafness, J. Indust. Med. 16:109 (March) 1947, pp. 114, 111, and 110. 
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which is submitted for your consideration gives a method of classifying noise 
environments for probable loss as a function of both the pressure and the frequency 
of the noise. 

It is now generally accepted that impairment to hearing does not take place until 
the pressure exerted by sound on the mechanism of hearing is greater than it can 
tolerate and still retain or regain its function. Norton Canfield ® puts it this way: 
Since sound is physically a matter of pressures, the human ear, as is true with all other tissues 
of the body, can tolerate these pressures to a certain extent and still retain or regain its function. 
When the tolerable pressure is exceeded there is damage which may be temporary or permanent. 

When we ask the question “How much pressure will it tolerate?’’ we must define our 
question by further analyzing the types of sound to wh-ch the human ear is exposed. The ele- 
ments of frequency, duration, and intensity must all be considered. 


The work of Perlman,’ Kobrak,* Kryter ° and others and Stevens and Egan '" indi- 
cates that the limits of tolerance of pressure by the human ear are not umform over 
the audible frequency range, being lower for high-irequency-centered noise than for 
low-frequency-centered noise. No one yet has defined what is meant by “low- 
frequency-centered” noise or “high-frequency-centered” noise, nor has anyone 
otfered a hypothesis whereby this differential impairment etfect might be explained. 
Yet, this must be done if an objective method of classifying noise is set up. We 
believe that the variables “frequency, duration and intensity” of which Canfield 
speaks can be reduced to a common base line, which we will call the equivalent- 
impairment level. In order to do this, the various types of noise commonly found 
in industry must be reduced to a single type. The three commonly found types of 
noise are the intermittent (punch press), the variant (the wood or metal power 
saw), and the nonvariant (the wire-drawing machine or the automatic screw 
machine). Since medical scientists have reported that it is continuous pressure 
exerted by sound that causes the damage, and since the nonvariant sound is the 
most continuous of the three types, it is the intermittent and variant which must 
be reduced to nonvariant levels. The manner in which this is done is described in 
Appendix A. 

Once the various types of noise have been reduced to their nonvariant equiva- 
lent levels, the next step is to convert the nonvariant equivalent levels to an 
equivalent impairment level. This can be done in one of two ways: either by 
defining the center of pressure statistically or by weighting the decibel values 
in each band and obtaining an equivalent impairment level. In the first method 
the center of pressure is set at 90 or 95% of the total pressure in the spec- 
trum and the contribution made by the components in the other bands ignored. 
This works very well in those spectra in which 90 to 95% of the pressure is located 
in one band (Appendix B) but it does not work well in those spectra in which the 
center (or 90 to 95%) is spread through a number of octaves. In the second 


6. Canfield, N.: Trauma from Noise in Industry, Connecticut M. J. 13:21 (Jan.) 1949. 

7. Perlman, H. B.: Acoustic Trauma in Man: Clinical and Experimental Studies, Arch. 
Otolaryng. 34:429 (Sept.) 1941. 

8. Kobrak,® p. 211. 

9. Kryter, K. D.: The Effect of Noise on Man, J. Speech & Hearing Dis., 
Supp. 1, 1950, pp. 32-35. 

10. Stevens, S. S.; Egan, J. P.; Waterman, T. B.:; Miller, J.; Knapp, R. H., and Rome, 
S.C.: Progress Report of Project II: Part I. The Effects of Noise on Psychomotor Efficiency, 
National Research Council, Committee on Sound Control PB 8334. 
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method the center of pressure is assumed to be in one octave and the values in the 
other bands are weighted in relation to this assumed center. The reasoning on which 
this 1s based is as follows: 

It is known that effective pressure doubles every 6 db., and it is also known 
that the number of eveles doubles each octave from left to right: therefore it is 
issumed that the impairing effect is the same as if the pressure were actually doubled 
for each octave band—the center of pressure moves from the left side of the spectrum 
to the right. The center of pressure is defined as that part of the spectrum in which 
GO) to 95% of the pressure is located. By way of illustration, let us suppose that 
there are seven spectra all having the same over-all level of 90 db. but each with a 
different center of pressure: spectrum No. 1 with a center in the 20 to 150 eps band ; 
No. 2 with a center in the 150 to 300 eps band; No. 3 with a center in the 300 to 600 
oi eps band; No. 4 with a center in the 600 to 1200 eps band; No. 5 with a center in 
t the 1200 to 2400 eps band; No. 6 with a center in the 2400 to 4800 eps band, and 
No. 7 with a center in the 4800-up band. What ts the damaging ettect of each? Our 
| experience indicates that the potential impairment would be the same as if their 
over-all levels were as follows: 


No. 1 Band 
Reading Equivalent 


No, 1—90 db 90 db. 
No. dt db 
No. db We db 
No. 4-00 db 108 db 
No, dl 1l4 db 
No. ad 120 db 
No, dl 126 db 


‘This is a ditterential etfect of 6 db. per octave. Now if this is true of spectra where 
the center of pressure is in one octave, then the same differential relationship holds 
for the values in the other bands when the center of pressure (90 to 95% of the 
spectrum) is not located in one octave band but is spread through several octave 
bands. Also the center of pressure can be assumed to be in any one octave band and 
the value in the other octave bands corrected to reflect this differential effect of 
6 db. per octave. 

Phe 600 to 1200 eps band was chosen as a center because it was near the center 
of the spectrum and the following values assigned to the observed values in the other 
octave bands: 
Cps 


Mh 


12 
B00. 600 
200 


400-480 


1700. 


+ 12 


+ 18 


These values are added algebraically to the observed values and a new over-all 
equivalent acoustical impairment level obtained, as described in Appendix A. What 
has been done, then, is to take the observed readings, regardless of their distribution 
through the spectrum, and convert them to a spectrum whose center is assumed 
to be in the 600 to 1200 eps band. 

The equivalent acoustical impairment level is then expressed as a code number 
for classification purposes obtained from Table 1 of Appendix A. 
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CONCLUSIONS 


No claim is made that this is the only way in which noise environments may be 


classified nor that it has reached perfection in form; but it is claimed that this 
method does reduce two of the three variables, “intensity and frequency,” to one 
common base line that we call “the equivalent acoustical impairment level” and 
that in time the third variable “duration” can be reduced to the same base line. 
Correlation data indicate that this method of classifying noise environments does 
have high predictive value with reference to acoustical impairment (a portion of 
that data is given in Appendix ©). Classification of the noise environments in this 
study by sones or equal loudness units has not given the accuracy of prediction with 
reference to acoustical impairment that classification of environments by “equiva- 
lent acoustical impairment levels’ does. The heterogeneous variables of 
intensity, frequency, and duration can be reduced to a homogeneous base line, 
and any published limit of safety which does not do so is not a valid standard. The 
time is not far distant when the data will permit setting a limit of safety that is valid 
because it does reduce these variables to one base line: the “equivalent acoustical 


impairment level.” We have thus broken out of the confusion of standards based on 


heterogeneous variables into the lucidity of a standard that is based on one homo- 


geneous element. 


APPENDLX 


A 


MANNeR IN tHe Norse Lever Survey [Is Mape anp THE ENvirONMENT Copep 


\ll readings are made with a noise-level meter equipped with a dynamic microphone and a 


filter set which divides the spectrum into octaves. Filter sets or analyzers which divide the 


spectrum into smaller divisions than octaves can be used, but the values must be integrated into 
octaves before this particular method of classification can be used. 


Step 1—Take readings on all heavy running operations on the machine. Take as many readings 
as are necessary to insure tke accuracy of the data, paying ».- icular attention to the area 
in which the operator spends*most of his time. ' 
. Step 2.—Average the low and the high readings. 
Step 3.—In the case of nonvariant and variant noise, calculate * — ,idpoint between the average 


low reading and the average high reading in each octave band. This is the nonvariant 
spectrum. 


Step 4.—Convert the decibel values in each band in the nonvariant spectrum to p2 values, using 
Table 2. 


Step 5.—Add these p* values. 


Step 6.—Convert this sum back to a decibel value, using Table 2. This is the new over-all non- 
variant level, which is used for verification only. 


Step 7.—Convert the decibel values in each octave band in the nonvariant spectrum to decibel 
values in the equivalent acoustical impairment spectrum, using the following conversion 
table 
(ps 
150- 300, 
300- G00... 
600-1200, 
1200-2400... 


2400-4800 


{SOO-up.. 


Add these values algebraically. 
Step 8—Convert the new values into p? values, as in Step 4 


Step 9—Add the p? values (Step 3) 
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Step 10.—Convert back to decibel values (Step 6) to obtain the equivalent acoustical impairment 
over-all level in decibels 


Step 11.—Convert equivalent over-all level in decibels to code, using 1-A. 

In the case of intermittent noise 

Step 12.-Code the average low reading as in Steps 4 to 11. 

Step 13 Code the average high reading as in Steps 4 to ll. 

Step 14.—Elevate the equivalent over-all value of the average level low reading, using the decibel 
values obtained from Table 3 (this is the equivalent acoustical impairment level of the inter- 
mittent nose). 


Step 15.—Convert the equivalent acoustical impairment jevel to its code number, using Table 1. 
1.—The Abbreviated Code 


Over-All Level, 
Decibels 


113.9 
119.9 
125.9 
26-131.9 
137.9 
143.9 


155.9 


Parte 2—RKelationship Between Decibels, Power in Watts per Square Centimeter, 
in Dynes per Square Centimeter, and Loudness Units 


Pressure 


Pressure Loudness 
Power (0-- Db. = Units 
Db 10-16 0.0002 Dynes A.8.A 
Watts per Sq. Cm.), per Sq. Cm.), Seale, 
Watts Dynes Pp? L. U. 
0.0002 0000000040 1.0 


L589 0.000P 518 19 
0.000855) T2984 59 
50 O.0004478 0) 000000200525 


1259, O 0007008 O 508532 


O.001L0024 000000 SO 
O.0012620 0.000001 59P 66, 


3 
: 
. 
| 
4 
— Code 
} 83.9 
4 
a 
\ 
{ 
Db. 
3 
4 
6 
; 
10 199% 14.0 : 
72 
7.2 
” 
21.4 
: 
32.6 
39.3 
75 
57.5 
18 69.5 
82.5 
97.5 
: 
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TaBLe 2.—Relationshi Between Decibels, I 


in Dynes per Square Centimeter. and Loudness Units 


Power 
Db 10-14 
Watts per Sq. Cm.), 
Watts 


L995) 
L589 
1995, 
5 12 
50 
15, 
T 589 

00000000003 162 
0) 1 
12 
0, 
100000000007 DAZ 
10000 
000000000001 259 

000000001 589 
1 995 
162 
1 

0) 12 

10. 

0000000907 94:3. 
0000010000 
0000000000 12.59 
L589 

0) 1995 
000000000025 12 

0) 0000000003 162 

0) 00000000898 1 
5012 

0000000006310 
0.000000 794.3 
0.010000 1000: 
000000000 1259 
000000000 1589 
1995 
5 
0.000003 1.62 

0) .00000000398 1 
0).000000005012 

10 

0 000000007943 
000000000 10000. 
000000001259 

0000000 1589 
1965 

0.000003 162 

0 0000000398 1 
12 

00000006310 
7943 
0.000000 10000: 
0).000000 1259 


INDUSTRIAL 


Pressure 
Db 
0.0002 Dynes 
per Sq. ('m.), 

Dynes 
OOP STS 
0.003558 
0.008990, 
0.004478 
0.005024 
0.006324 
0.007096 
0.011246 
0.012620 
0.014158 
0.015886 
0.017896 
0.03170 
0.03556 
0.03990 
0.04478 
O.050P4 
0.05636 
0.06394 
0.07096 
0.07962 
0.08984 
0.10024 
0.11246 
0.12620 
0.14158 
0.15386 
O.17826 
0.200 
0.2244 
0.2518 
0.2816 
0.3170 
0.3556 
0.3990 


NOISE ENVIRONMENTS 


Pp? 
00000063402 
0 7 
0.0000 
0.0000 126452 
0.00001 59201 
00000200525 
00000252406 
0.00008 17645 
00000503532 
00000633934 
0 164 
0 O00 
0.000 1264750 
0.0001 59266 
5237 
0.00031693 
0.00040000 
0.000 50850 
0).00063402 
7O863 
0.00100484 
0.001 26452 
0).00159201 
000200525 
0.00252406 
O.00317645 
0. 00399930 
0.00503532 
000633934 
0.00798 164 
.O10048 
0.01264750 
0.0159206 
0.020045 
0.025237 
0.08 7 
0.040000 
0.050350 
0.063402 
0.679863 
0.100489 
0.126452 
0.159201 
0.200525 
0.252406 
O.317645 


0.633934 
0.798164 
1.0048 
1.264750 
1.59266 


6.3402 


7.9563 
10.0489 
12.6452 
15.201 
20.0525 
25.2406 
31.7645 
39.9930) 
W.3532 


Continued 


Loudness 
Units 


8510.0 

9130.0 

9850.0 
10600.0 
1400.0 
12400.0 
13500.0 
14600.0 
15800.0 
17100.0 
15400.0 
19800.0 
21400.0 
231000 
2500.0 
27200.0 
29600.0 
32200.0 
35000.0 
38000.0 
41500.0 
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‘ower in Watts per Square Centimeter, Pressure 


A.S. A. 
Db Seale, 
» L. U. 
23 131.0 
au 151.0 
173.0 
197.0 
27 222.0 
28 252.0 
29 287.0 
30 B24.0 
31 360.0 
32 405.0 
38 455.0 
505.0 
35 555.0 
36 615.0 
37 675.0 Br 
38 740.0 
39 810.0 
40 890.0 
41 975.0 
42 1060.0 
43 1155.0 
44 1250.0 : 
45 1360.0 
46 1500.0 
47 1640.0 
48 1780.0 
49 1920.0 : 
4 2070.0 
4 51 2200.0 
58 2510.0 
2680.0 
56 3080.0 
57 3310.0 
58 3560.0 
62 4640.0 
63 4950.0 
64 5250.0 
65 5560.0 
ae 66 5870.0 
69 0.5636 7120.0 
5636 
70 0.6394 7440.0 
0.7096 0.508532 
0.7952 
73 0.5084 
1.1246 
1.2620 
79 1.6068 2.5237 
1.7126 3.1777 
80 2.0000 
81 4 0000 
83 2.896 
3.170 : 
8S 3.556 
3.990 
4.478 
5.084 
5.636 
a 90 6.324 
9 7.096 
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Taste 2.—Kelationship Between Decibels, Power in Watts per Square Centimeter, Pressure 


in Dynes per Square Centimeter, and Loudness Units Continued 


Pressure Loudness 
Power Dt 


(0 Db 16 0.0002 Dynes 
Watts per Sq. Cm.), per Sq. Cm.), 
Db Watts Dynes Pp? 


Y 0 0000001589 7 63 2934 {5000.0 


00000003162 11.246 570000 
898] 12.620 §2000.0 
0000006310 15.886 74000.0 
We 000007 589 25.180 634.1 106000.0 
105 00000038 162 35.0) 124 52 1380000 
107 0 G00005019 MWS 164000.0 
19 3 3176.45 197000.0 
4 259 32 23.5000.0 
112 0 C0001 S89 6330.34 260000.0 
118 0 80.340 2880000 
114 000002512 100.240 100480 316000.0 
115 0 112.460) 12647.50 346000.0 
116 0 398 1 126.200 15926.6 380000.0 
117 141.580 2045.0 4180000 
118 0 00006310 158 S60 25337.0 4600000 
119 178.260 31777.0 506000.0 
1% 0.000 10000 200,000 {0000.0 556000.0 
121 224.400 WIZ50.0 609000 
122 00001589 251 800 63402.0 668000.0 
123 0.0001 995 282.00 732000.0 
0.0008162 355.60 1°6452.0 875000.0 
| 0.0003981 899.00 9560000 
} 197 447.80 1047000.0 
| 000063810 40 11500000 
| 129 0.0007943 563.60 317645.0 1266000.0 
130 6.00.10000 632.40 300980.0 1400000.0 
131 0.001259 709.60 550000.0 
132 0.001380 796,20 633934.0 17500000 
133 SUS 40 19500000 
144 0.002512 10048000 290000 .0 
135 0.003162 1124.6 L264750.0 2400000.0 
1% 0008081 1262.0 159P660.0 2600000.0 
137 0.005012 M15.8 2004 500.0 2900000 
138 0.006310 1588.6 25°3700.0 3300000.0 
139 1782.65 3177700.0 3650000.0 
140 0.010000 sO00000 40000000 
1m) 0.100 1324.0 899980000, 80000000 
200000 4000000000, 17000000.0. 


TasLe 3.—Correction for Intermittent Noise 


If the average high level is Raise the average low level 


1 code higher than the average low level 0.6 db. for each 10% of total time 


2 codes higher than the ave low level 1.2 db. for each 10% of total time 
$ codes higher than the average low level 1.8 db. for each 10% of total time 
4 codes higher than the average low level 24 db. for each 10% of total time 


5 eodes higher than the average low level 3.0 db. for each 10% of total time 
6 codes higher than the average low level 3.6 db. for each 10% of total time 
7 codes higher than the average low level 4.2 db. for each 10% of total time 
8 codes higher than the average low level 4.8 db. for each 10% of total time 


9 codes higher than the average low level 54 db. tor each 10% of total time 
10 codes higher than the average low level 6.0 db. for each 10% of total time 


Add these values to the decibel values in each octave band of the average low level to obtain the 
equivalent nonvariant level 


Seale, 
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— 
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APPENDIX B 

The original code was built on the method of defining the center of pressure statistically. 
Environments with centers of pressure in one band were used. We noted that the range of over- 
all levels in industry ranged between 54 and 138 db. It is known that pressure doubles every 
6 db. and dividing this range between 54 and 138 db. by © gave the divisions seen in the left hand 
column of the Chart. It is also known that the number of cycles doubles for each octave, and 
we reasoned that the effect would be the same for a spectrum with an over-all level of 57 db. 
with a center in the “B,” or 150 to 300 cps octave, as it would be if the over-all level were 
63 db. with the center in the “A,” or 20 to 150 eps band. Accordingly, each band in the left 


hand column was divided into the seven octave bands of our filter set and equally impairing 


TENTATIVE SCALE FOR CLASSIFYING NOISE 


OVERALL __CODES 
54-599 A FIG) | | | | 
60-6591 | | | | | | 
(84-899 | | | 
90-959) | | | | | 
102-1079 | {| | | 
108-1139) | | 
ttt 
114-119 9) | | | | ee 
120-1259, | | | | | | FIG 
B+!150-300 CPS C#300-600 CPS 0*600-!1200 CPS 
E*1200-2400 CPS F*2400-4800 CPS G+ 4800-I5000CPS 


IN ASSIGNING CODE NUMBERS TO A MACHINE OR LOCATION, CORRECTIONIS MADE FOR VARIANCE 
AND INTERMITTENCE, AND THE ANALYSIS OF SPECTRUM CONTENT 


The original code. 


centers placed one under another. This gave the staggered or diagonal arrangement shown in 
the Chart. Twenty codes or groups of environments of equal effect are shown. Reading the code 
number was easy. The over-all level of the nonvariant spectrum was found in the left-hand 
column; the octave band in which the center of pressure was located was found and the code 
number read at the top of the chart. In this method the contribution made by the decibel values 
in bands other than the center was ignored. It did not explain the results obtained by Stevens 
and Egan when a 1% shift in the mathematical center of pressure produced a halving of the 
binaural hearing loss after one-half hour’s exposure. Some method of revealing the partial 
effects of the observed values to the total effect was therefore necessary and the method described 


in the main article was developed 
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Spectra I and III (from Stevens and Egan?°) follow. The percentage values, in the last 


column, are the result of our own computations. nr 
Spectrum | Db. Ps % 
300 107 2005 43 
200. 600 63 13 
600-1200 40 08 
2400-4800 87 20 
77 2 
110 4679 
Average binaural loss after % hour exposure 3.0% 
Spectrum 
108 2524 55 
; 107 2005 43 
200. 600 ad 63 1.3 
600-1200 6.3 0.13 
1200-2400 72 0.6 oo 
400-4800) 67 0.2 
59 0.08 
110 4599.13 
Average binaural loss after % hour exposure 1.3% 
APPENDLX C 
Data to Date 
Code 9 (Above 90 db.) 
MacLaren-Chaney Class Binaural Loss, % Average a a 
Years 1 il lV Vv Average Expected Years 
$ te 6... 16 3 0 0 ee 0.44 0.3 31 
Over 5. 7 2 1 0 oe 1.08 0.4-1.9 39 
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PROGRESS REPORT OF COMMITTEE 


Revision of Procedure for Evaluating Percentage Loss of Hearing 


HOWARD A. CARTER, ME. 
CHICAGO 


ITHIN the last three years, management, trade union executives, and the 
general public have become more aware of the health hazards associated with 
noise in industry. 

In 1950, the inadequacy of methods for estimating the degree of hearing loss 
was brought forcibly to the attention of the otological profession and of the Council 
on Physical Medicine and Rehabilitation. The disproportionateness between the 
results obtained by the methods and the patient’s ability to hear and to understand 
the spoken voice was questioned. At this juncture the American Medical Asso- 
ciation method and other methods were put to severe tests, especially in the state 
of New York, where several claims for occupational deafness were tried in the 
courts of law. 

Recognizing the seriousness of these criticisms, the Council on I’hysical Medicine 
and Rehabilitation authorized its Advisory Committee on Audiometers and Hearing 
Aids to cooperate with the Committee on Conservation of Hearing of the American 
Academy of Ophthalmology and Otolaryngology. A Joint Committee was appointed 
and directed to study the criticisms of the American Medical \ssociation standard 
method and of another method which had been used—namely, the Fletcher 0.8 
method, suggested in 1925—and to formulate a new or revised method for esti- 
mating the loss of hearing in medicolegal cases. 

The Joint Committee recognizes several fundamental problems and sympathizes 
with the otologists who have to deal with occupational deafness. Basic technical 
questions are these: 1. Can the average pure tone loss in decibels of the frequencies 
in the speech range, namely, 500, 1000, and 2000 cps, be emploved to determine 
the hearing losses consistent with the claimant’s ability to hear and to understand 
ordinary conversation? 2. If a patient speaks a foreign language, for example, and 
is unable to understand clearly the [english language, another problem is added 
that of understanding the speech even though it is heard. 3. Some specialists 
believe, as do the lawmakers in New York and California, that each ear should be 
considered separately. Hands, arms, and legs, for example, can be and are con- 
sidered independently by compensation groups. Biologically, ears function together, 
and to some extent one ear depends on the other. The American Medical Asso- 
ciation method is based on binaural hearing, and many specialists, including the 
Joint Committee, believe the binaural evaluation of hearing loss is the preferable one. 

Read at the Twelfth Annual Conference on Industrial Health, Pittsburgh, Jan. 18, 1952. 

Director of Biophysical Investigations, Council on Physical Medicine and Rehabilitation, 
American Medical Association. 

The committee that made this report is the Committee to Consider Revision of Prevailing 
Standard Procedure for Evaluating Percentage Loss of Hearing in Medicolegal Cases. 
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ight members constitute the Joint Subcommittee of the Council and_ the 
\cademy. Four members were appointed by the Advisory Committee on Audi- 
ometers and Hearing ids, and four were appointed by the Committee on Con- 
servation of Hearing. Dr. Hallowell Davis, Chairman; Dr. Stacy Guild; Dr. Aram 
Glorig, and Mr. Howard \. Carter make up the subsubcommittee (writing group) 
which is charged with the special duty of compiling a simple, accurate method based 
on laboratory, technical, and scientific information found in literature. Dr. Stewart 
Nash, Chairman; Dr. Edmund P’. Fowler; Dr. Gordon D. Hoople, and Dr. Kenneth 
M. Day comprise the clinical subsubcommittee, which is charged with the responsi- 
bility of testing in clinical practice the work of the writing group. The two afore- 
mentioned four-man subsubcommittees make up the eight-member subcommittee 

The subcommittee is anxious to have the otologist and the industrial physician 
know that it is familiar with the point of view of the compensation and liability 
groups and plans to work closely with them. 

The subcommittee recognizes 

1. That the legal and judicial groups want organized medicine to formulate a 
universally acceptable method for calculating hearing losses (the legal profession is 
not stipulating how this shall be done but desires to have a method consistent with 
the claimant's ability to hear and understand ordinary conversation) ; 

2. That the present A. M. A. Method should be revised or supplanted by a more 
accurate and simpler method ; 

3. That the Fletcher 0.8 method should be reviewed critically ; 

4. That the new method shall be provided with ways and means of determining 
the percentage loss in each ear independently and also the combined hearing loss of 
the individual as a whole—that is, binaural and monaural hearing loss ; 

5. That a minimum amount of calculations be used to determine the percentage 
loss of hearing, and 

6. That the method be based on the hearing-loss data as recorded by the pure 
tone audiometer 


4 

| 

3 

tt 
7 

a 

2 

: 


A SPOT TEST FOR ESTIMATING CONCENTRATIONS OF BORON 
HYDRIDE VAPORS IN AIR 


T. L. ETHERINGTON, Ch.E. 
AND 
L. V. McCARTY, Ph.D. 
SCHENECTADY, N. Y. 


HE SEVERE physiological effects of boron hydride vapors indicated the need 

for a means other than odor for detecting their presence in air. Investigations 
on animals are currently progressing toward establishing time-concentration-toxicity 
relationships for exposures to the various boron hydrides. Since complete data were 
lacking in this respect, it was decided that a qualitative test must be sensitive enough 
to afford a margin of safety and yet offer sufficient latitude to cover reasonably high 
concentrations. A concentration of one part boron hydride per million parts of air 
by weight was assumed to be toxic. 

A spot test was developed which utilized a piece of filter paper wet with 1 drop 
of a 5% solution of silver nitrate in amyl amine. A yellow-to-brown color developed 
when an air sample containing one part boron hydride per million parts of air 
impinged on the test paper. This color reaction was used as a basis for a simple 
monitoring device for air suspected to contain boron hydride vapors. 

No investigation was made to determine the chemistry of the reactions between 
silver nitrate and amyl amine or between the boron hydrides and the reagent solution. 
A moderately exothermic reaction occurred when silver nitrate was dissolved in amyl 
amine which was greater than one would expect due to heat of solution. The reaction 
between the boron hydrides and the reagent is thought to be that by which the silver 
salt is reduced to metallic silver, either by the original boron hydride or by a com- 
pound formed by the boron hydride with the amyl amine. Moderately high con- 
centrations of boron hydride vapors reacted with amyl amine vapor to produce white 
fumes. Therefore, it is probable that this reaction product reduces the silver nitrate 
to metallic silver. 

The optimum concentration for the silver nitrate-amyl amine reagent was not 
investigated, but a relatively dilute solution was thought to be desirable to minimize 
hazards which might occur due to the formation of silver azide. In recognition of 
the azide hazard, any application of this test should include reasonable precautions in 
disposing of test papers or allowing the reagent to dry up. 

Three compounds, namely, diborane, pentaborane, and decaborane, were used 
for the test development, all three showing a reaction with the silver nitrate-amyl 
amine solution. The sensitivity of the test varied with the specific hydride, however, 
decreasing in the order diborane, pentaborane, decaborane (Fig. 1). 


From the Research Laboratory, General Electric Company, The Knolls. 
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Fig. 1 \ spot test for estimating concentrations of boron hydride 


vapors in air. Its appli- 
cation with air containing unidentified boron hye 


Irides is described in the text. 
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The limit of identification was 1 y of decaborane, with diborane and pentaborane 
producing a more intense color with this same quantity. Therefore, with air con- 
taining unidentified boron hydrides the application of this test precludes quantitative 
estimations beyond an order of magnitude. 

The test was developed by experiments in which a stream of nitrogen containing 
boron hydride vapor was introduced into one arm of a Y-tube and a stream of air 


Fig. 2.—Device for monitoring air in areas where the possibility of boron hydride contami- 


nation exists. 


into the other arm. .\ piece of filter paper wet with a drop of the silver nitrate 
solution was held in the gas mixture so that the latter impinged directly upon the 
spot held about 1g in. (about 3 mm.) from the nozzle. 

Color development occurred after the test paper was removed from the test gas, 
reaching a maximum in approximately 10 minutes. Color intensities to correspond 
to specific amounts of boron hydride were arbitrarily chosen to be those existing 
one minute after the test paper was removed from the gas stream. Color intensity 
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reaches a maximum at about 10 y of diborane; therefore, quantitative estimations 
must be made to fall within 1 to 10 y by varying the amount of sample. It was 
tound desirable to limit the air sample to 1 to 4 liters and a sample tlow rate of 1 to 
+ hiters per minute to avoid drying the reagent spot and to allow time for the boron 
hydrides to be absorbed in the reagent. The use of extra thick filter paper con 
centrated the reagent and prevented rapid drying. 

\ device for monitoring air in areas where the possibility of boron hydride con- 
tamination exists has been placed in use with very satisfactory results. This con- 


sists of a small blower for each sample point which pulls the air sample through 


copper tubing from the sample point and discharges it through a fixed nozzle in a 
ventilated test hood. The blowers are mounted side by side on a panel with each 
blower discharging through its respective nozzle in the test hood. Hood ventilation 
is accomplished with a blower of the same type used for sampling (Fig. 2). It is 
essential that metal or glass lines be used, since the boron hydrides are absorbed by 
rubber tubing 

A portable detector has also been made which utilizes a hand suction bulb to 
impinge the sample on the test paper (Fig. 2). 
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PULMONARY TALCOSIS WITH INVOLVEMENT OF THE 
STOMACH AND THE HEART 


Report of a Case 


WILLIAM E. JAQUES, M.D. 
AND 

KURT BENIRSCHKE, M.D. 
BOSTON 


N VIEW of the paucity of available pathological studies on human pulmonary 

talcosis it seemed desirable to present a case which offered many diagnostic 
problems during life and at necropsy.' ‘The occupational history, the distribution of 
lesions, and the paucity of tale crystals were considered unique. 


CLINICAL OBSERVATIONS 


E. R., a 42-year-old white man, entered the Peter Bent Brigham Hospital for the fifth time 
m June 18, 1950, and died eight hours after admission. For 16 years prior to 1942 he had 
worked in a shoe factory, cutting out shoe linings. For the first 10 years this was done by hand, 
but from 1936 to 1942 it was accomplished by a machine. During these last six years, many 
layers of artificial leather and paper were cut out by stamping, and since the paper contained 
abundant talcum powder, much of the powder was scattered, causing the patient's clothes to 
become white. Patent leather was frequently used and large quantities of talcum powder were 
necessary to prevent the individual layers from adhering to one another, Since that time the 
patient had been employed as a carpenter and there was no history of inhalation of any dust 
He was first admitted to the Peter Bent Brigham Hospital in 1943, for tickling in the throat, 
cough of 18 months’ duration, dyspnea on exertion, and weakness of five months’ duration. 
Neither hemoptysis nor skin rashes had been noted. On the initial admission, temperature, pulse, 
respiration, and blood pressure were within normal limits. No cyanosis or pulmonary osteo- 
arthropathy was apparent. There was slight dullness in the central portions of the lungs accom- 
panied by increased tactile fremitus and prolonged respiratory sounds. To percussion the heart 
was 7.5 cm. to the left of the midline. The vital capacity was 2,500 ce. at this time. Roentgen- 
ological examination revealed in both lungs coarse, streaky areas involving the upper two-thirds 
of each lung and sparing the extreme apices and bases. The latter areas were interpreted to be 


emphysematous. The upper lobe of the leit lung presented a honeycombed appearance, suggesting 


From the Department of Pathology, Peter Bent Brigham Hospital and Harvard Medical 
School 

Dr. Jaques is Associate Pathologist at Peter Bent Brigham Hospital and Instructor in 
Pathology at Harvard Medical School. Dr Benirschke is Assistant Resident in Pathology at 
Peter Bent Brigham Hospital 

1. This case was previously presented at a meeting sponsored by the occupational medical 
clinic at the Massachusetts General Hospital, Boston, on Dee. 13, 1951, and later published 
(Ferris, B. G.; Affeldt, J.; Kriete, H. A., and Whittenberger, J. | Pulmonary Function in 
Patients with Pulmonary Disease Treated with ACTH, A. M. A. Arch. Indust. Hyg. 3:603 
[June] 1951). This meeting was concerned with the effect of corticotropin (ACTH) and 
cortisone on pulmonary diseases. There were no comprehensive pathological examinations at 
that time 
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bronchiectasis. The heart and the hilar lymph nodes appeared normal. The picture strongly 
suggested silicosis to the roentgenologist. Roentgenologic examinations of hands and _ feet 
revealed no sarcoid-like lesions. Two sputum specimens and two gastric washings were negative 
for acid-fast bacteria, and a guinea-pig inoculation with concentrated gastric material also gave 
a negative result. The intracutaneous test with purified protein derivative of the tuberculin 
was negative in second strength 

There was a steady progression of pulmonary disease as evidenced by increasing dyspnea, 
orthopnea, prolonged expiratory phase, diffuse coarse rales, and a pulmonary vascular pressure 
of 42/21 (nermal 25/8). Distension of the neck veins became apparent after the least effort, 
the cough increased, and pulmonary osteoarthropathy was noted in February, 1950. The heart 
was enlarged to percussion, and a paradoxical pulse was observed at this time. In consultation 
it was felt the patient had a chronic enlargement of the heart due to some form of progressive 
pulmonary fibrosis (cor pulmonale). This was considered not to represent silicosis, but the 
poss bility of tale pneumoconiosis was entertained. At that time he also complained of epigastric 
discomfort after exertion, The x-ray picture displayed no remarkable change from the findings 
in previous studies with the exception of an enlarged heart. 

On the patient's last admission there was an increase of dyspnea and edema which necessi 
tated sleeping in the upright position. He was restless, apprehensive, and appeared chronically 
ill. There were scattered rales and rhonchi, bronchial breathing, and basal hyperresonance. The 
heart was enlarged to the right and the left, Ps was much louder than Ao, there was a diastolic 
gallop, and pulmonary and left sternal diastolic murmurs were heard. He was treated with 
digitalis, oxygen, and antibiotics. At no time did this patient receive any medication containing 


siliceous material. Despite therapy, he became unresponsive and died eight hours after admission 


POSTMORTEM OBSERVATIONS 


\ necropsy was performed five hours post mortem by Dr. R. Patterson 
(A-50-100). The body was that of a poorly developed white man appearing older 
than the stated age. There was pitting pretibial edema (1+). The skin was smooth, 
soft, and presented a peculiar light-brownish discoloration throughout. ‘Two healed 
incisions were noted over the right sternocleidomastoid muscle and over the medial 
aspect of the knee. The nasal septum was slightly deviated to the left. The thorax 
was regular and symmetrical. There was approximately 100 cc. of straw-colored 
Huid in the peritoneal cavity. The liver extended 5 cm. below the xiphoid process 
and 3cm. below the right costal margin in the midclavicular line. The pleural cavi- 
ties contained approximately 100 cc. of straw-colored fluid, and a few fibrous 
adhesions were present. The lungs were noted to be extremely irregular in outline 
at this time. The pericardial cavity likewise contained 50 ce. of straw-colored fluid, 
but the epicardial surfaces were smooth and glistening. 

The heart weighed 440 gm. and displayed a right ventricular myocardium of 
1.3-cm. thickness and a left ventricular myocardium of l-cm. thickness. The right 
atrium and the right ventricle were both markedly dilated, and the tricuspid and 
pulmonic valves were unusually large. White, fibrous-like areas were encountered 
in the interventricular septum and the right ventricular wall. The mitral and aortic 
valves, the endocardium, and the epicardium were grossly normal. Numerous 
atherosclerotic plaques were observed in the coronary arteries; this same process 
was seen to a slight degree in the aorta. 


The right lung weighed 520 gm. ; the left, 540 gm. Palpation revealed peripheral 
lobules, varying from 1 to 4 cm. in diameter, which were determined to be emphy- 
sematous blebs. The deeper portions of the lungs were very firm, fibrous, and in 
some areas nodular, particularly about the collar region. On section these firm areas 
presented a mottled grayish appearance (Fig. 1) and from then: a moderate amount 
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of blood could be expressed. There was an extensive atheromatous process in the 
pulmonary arteries, and in the left pulmonary artery there was a small, firm ante- 
mortem thrombus which did not completely occlude the lumen. The courses of the 
bronchi and the pulmonary arteries were tortuous with diminution of the lumina. 
The bronchial mucosa was covered by a small amount of mucoid material. Removal 
of this revealed a corrugated, wavy mucosal pattern. 

The stomach was of the usual size and shape, but the rugae were moderately 
prominent; the pylorus was normally constituted. 

The liver weighed 1,700 gm. and showed a distinct and somewhat accentuated 
lobular pattern. A yellow, mottled discoloration was present throughout. The gall- 
bladder contained 30 cc. of dark green, viscous bile and two calculi, measuring 3 cm. 
in diameter each. 

All lymph nodes encountered were of the usual size, shape, and consistency. The 
spleen, intestinal tract, kidneys, ureters, bladder, prostate, testes, thyroid, para- 
thyroids, adrenals, and the bone marrow showed no gross morphologic aberrations. 
An examination of the head was not permitted. 


Fig. 1—Cut surface of four pieces of lung. Left lung pieces are triangular; right lung pieces, 
rectangular. There is distinct fibrosis with focal emphysema. 


MICROSCOPIC OBSERVATIONS 


The tissues were fixed in Zenker’s solution and in formaldehyde solution U. S. P. 
diluted 1:10. The sections were stained with hematoxylin-eosin, Masson's tri- 
chrome, Hotchkiss-McManus, Giemsa, Ziehl-Neelsen, and ‘Tirmann-Schmelzer’s 
iron stains. 

Heart.—Sections of the heart revealed a granulomatous and fibrotic process 
involving the epicardium and the subjacent myocardium (Fig. 2). The epicardium 
was thickened. The chronological age of this lesion varied from field to field and 
from section to section. The earliest phases were represented by focal aggregates 
of histiocytes forming epithelioid cells and frequently associated with giant cells 
of the Langhans or foreign-body variety. Lymphocytes were frequently noted at 
the periphery of the granulomas and occasionally extended into their substance. 
A few groups of trapped and degenerating myocardial fibers were encountered 
between the collagenous bundles. The older lesions consisted of relatively dense, 
acellular fibrocollagen which occurred in broad bands and sheets. Focal collections 
of lymphocytes were encountered apart from the granulomas and were occasionally 
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noted between the bundles of collagen. In many areas the granulomatous and col- 
lagenous components blended with one another. There was no evidence of caseation 
or fibrinoid necrosis. .\ rare “asteroid body” was seen in the cytoplasm of a giant 


Fig. 2.—Heart showing epicardium and myocardium. There is diffuse, relatively acellular 
fibrosis, with one granuloma encountered. Hematoxylin and eosin; « 125. 
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Fig. $—Lung with visceral pleura. Diffuse fibrosis, occasionally assuming a nodular 
configuration, may be noted, also emphysema, and one granuloma. Hematoxylin and eosin; 


x 45. 

cell, but no Schaumann bodies were encountered. Stains failed to reveal the pres- 
ence of Mycobacterium tuberculosis. No fungi or parasitic organisms were encoun- 
tered in the appropriately stained sections. The epicardial surface was intact, and 
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no exudate was apparent in this region. The deeper portions of the myocardium 
apart from slight perivascular fibrosis were not remarkable. The endocardium was 
normally constituted. There was no evidence of rheumatic carditis or infarction. 
Lungs.—Sections of the lungs showed extensive pulmonary fibrosis, granu- 
lomatosis, pulmonary arteriosclerosis, and focal hemorrhage (Fig. 3). The fibrotic 
process was diffuse and was particularly prevalent perivascularly, peribronchially, 
subpleurally, and in the hilar regions. The fibrotic deposit consisted of dense fibro- 
collagen, which frequently replaced the musculature of the bronchi and bronchioles. 
In many areas it possessed a nodular configuration and definite whorling was noted. 
Granulomas, consisting of epithelioid cells and lymphocytes with or without giant 


cells, were encountered in the fibrotic areas as well as at the periphery of these 


Fig. 4.—Gastric mucosa with two granulomas containing foreign-body giant cells. Hematox- 
ylin and eosin; x 135. 


areas. The granulomas were not as frequently noted as in the heart and again 
displayed no caseation or fibrinoid necrosis. Concentrically arranged fibrocollagen 
was noted peripherally around many of the granulomas. These probably represented 
arly fibrotic nodules. The granulomas were noted in the bronchiolar walls and 
extending into the media of pulmonary vessels. In all locations the granulomas 
were limited to the interstitium of the lung parenchyma and no intra-alveolar granu- 
lomas were encountered. Only slight anthracotic pigment was present. “Asteroid 
bodies” were occasionally found in giant cells, and in still other areas clefts and 
irregular spaces were noted in giant cells. Moderately extensive compensatory 
emphysema surrounded the fibrotic areas, and many of these bullae contained 
protein precipitate but no exudate. No asbestos bodies were seen in any of the 
sections. Practically every pulmonary artery examined showed extensive intimal 
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thickening as evidenced by subendothelial fibrosis and atheromatosis. One large 
pulmonary artery contained a thrombus showing early organization. A careful search 
for bacteria and fungi failed to demonstrate their presence. 

Spleen. The spleen showed detinite acute congestion and moderate intimal 
hyalinization of the arterioles, but no granulomas were noted. 

Stomach.—-Sections of the stomach displayed discrete granulomas limited to the 
mucosa (Fig. 4). The granulomas consisted predominantly of epithelioid cells, 
which were occasionally associated with foreign-body-type giant cells. A cleft-like 
space was noted in the cytoplasm of one giant cell, but no crystal was apparent in 
this space. The remainder of the stomach was normally constituted. Again, no 
evidence of bacteria or of fungi was produced by special stains. 

Liver.—TVhe liver revealed an extensive acute centrolobular congestion, which 
was frequently associated with actual necrosis of the centrolobular cells. This 


Fig. 5.—Lung that is approximately three-quarters polarized. Crystals of tale can be seen 
superimposed on a black anthracotic background. Hematoxylin and eosin; x 1,000. 


process generally involved the central half of each lobule, and polymorphonuclear 
leucocytes were frequently noted in these areas. There was no increase in connective 
tissue content, and no granulomas were seen. 

Adrenal Glands.— Vhe adrenals showed marked lipid depletion of the cortical 
cells and shght cortical adenomatous hyperplasia. 


Bone Marrow.—Sections showed an erythroid hyperplasia with a 1: 1 erythroid- 
myeloid ratio. 


Other Tissues.--Microscopic examination of the esophagus, intestines, pancreas, 
kidneys, genital organs, thyroid and parathyroid glands revealed nothing remark- 
able. In none of these viscera were granulomas noted. 


SPECIAL STUDIES 


Polariscopic and petrographic studies were performed on the sections of heart, 
lungs, and stomach. No crystals were encountered on careful examination in the 
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heart and the stomach. All sections of the lungs revealed scattered needle-shaped 
crystals varying from 1 to 10 « (generally 2 to 4+ ») in length and a fraction of 
1 » in thickness (Fig. 5). These crystals were generally extremely scanty, although 
in a rare high-power field as many as 16 were counted. The crystals were occasion- 
ally seen in phagocytes but not in the granulomas. There were abundant hemoconiae, 
and birefractile collagen was present. The lungs from two other cases in which 
autopsy was performed were compared with those of the present case. There were 
abundant birefractile hemoconiae in one case but no crystals. The other case showed 
conspicuous anthracosis, and in these pigmented areas numerous birefractile crystals 
were seen, but they never had the fine, needle-shaped contiguration noted in the 
case under discussion. VPetrographic studies * confirmed the presence of tale erys- 
tals, although these were noted to be scarce. In addition, a number of slides were 
incinerated at 500 C., and a few were further treated with aqua regia (concentrated 
nitric acid | part, concentrated hydrochloric acid 4 parts). Polariscopic examina- 
tion of these slides disclosed no change in the crystals. 

Appropriately stained sections failed to reveal the presence of an increased iron 
content. 

Uniortunately, during change of services the heart, the lungs, and the lymph 
nodes were discarded, and not enough tissue remained to perform silica determina- 
tions on the organs. The factory where the patient had been emploved was disbanded 
in 1942 and there was no possibility of obtaining a sample of the tale used. 

\n 8.5-gm. sample of dried lung tissue (I. R.) was digested and ignited, and 
a total residue of 15 mg. (0.17% ) was obtained. This residue was submitted to both 
petrographic and x-ray diffraction examinations. The tests showed the residue to 
be essentially amorphous, with but a sparse distribution of crystalline material (less 


than 1% ). The subsequent treatments identified the abundant material as amorphous 
silica.* 


COMMENT 


This case presented numerous difficulties from both the clinical and the patho- 
logic standpoint. The patient was originally considered to have sarcoidosis, until 
a more detailed industrial history was ascertained. It should be noted, however, 
that the radiologist suggested pneumoconiosis even before this history was obtained. 
The predominating clinical findings were those of progressive pulmonary fibrosis 
with resultant enlargement of the heart (cor pulmonale). During the entire course 
of study of this patient there was never any indication of a generalized disease or 
of pulmonary tuberculosis. The temperature was always normal, there was no 
lymphadenopathy at any time, and skin lesions were absent. Laboratory procedures 
failed to demonstrate tuberculosis even though tuberculin skin tests are invariably 
positive in silicosis complicated by tuberculosis. The clinical service felt that this 
represented a case of tale pneumoconiosis, since the man had been exposed to tale 


and the laboratory and clinical studies did not demonstrate tuberculosis or sar- 
coidosis. 


2. The petrographic studies were performed by Dr. Charles R. Williams, Boston. 


3. These studies were performed by Richard I. Chamberlin and A. W. Woewucki Jr., 
Ninth Engineering Department, Massachusetts Bonding and Insurance Company. 

4. Benson, L., in Tuberculosis in Industry, Saranac Laboratory Symposium, National 
Tuberculosis Association, New York, 1942, pp. 279-289. 
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The predominating pathologic features of this case were extensive pulmonary 
fibrosis and granulomatosis, cor pulmonale, and granulomatosis of the myocardium, 
the pericardium, and the gastric mucosa. It was felt that the diagnosis lay between 
pneumoconiosis and sarcoidosis. Tuberculosis and fungous infection were less 
seriously considered etiologically. The fact that the skin tests gave negative results 
except on one occasion when the patient received corticotropin and there was a 
transitory, faintly positive reaction with second-strength purified protein derivative 
of tuberculin would suggest sensitization to tuberculoprotein. However, the rapid 
return to a negative reaction would not be in favor of active tuberculosis. The failure 
to demonstrate bacteria in the sputum, the gastric washings, and the microscopic 
sections of the lungs and other viscera also tends to negate a diagnosis of tubercu- 
losis. There was no evidence of cavitation, caseation necrosis, or lymphadenopathy. 
The distribution and the morphologic aspects of the pericardial and myocardial 
lesions were further evidence against tuberculosis. If one assumed that etiologically 
the findings represented tuberculosis, then a miliary spread would have to be 
accepted to account for the gastric and cardiac lesions. Rich® stated that he had 
never seen an instance of miliary tuberculosis which was localized to the lungs and 
so few other organs. We were unable to demonstrate lesions in the lymphohemato- 
poietic system, which is almost invariably involved in miliary tuberculosis. 

The formalin in which the tissues were stored was compared with the storage 
formalin from autopsy material of a patient proved to have miliary tuberculosis 
(A-50-209). The formalin from each autopsy was frozen and lyophilized; the 
powder was resuspended in 0.1-molar saline (pH 7.6), followed by 12 changes of 
distilled water, until all the formalin had disappeared, and then centrifuged at 2,500 
rpm for 20 minutes. Each supernatant fluid (antigen) and a standard preparation 
of tuberculin, 0.005 mg. of purified protein derivative, were injected intradermally 
into two sites on 48 normal guinea pigs and 48 guinea pigs sensitized with heat- 
killed tubercle bacilli. The antigen from the tuberculous necropsy material produced 
a uniformly weak positive skin reaction in 48 hours, while the antigen from our case, 
despite the higher content of proteinaceous material, yielded no reaction.® 

The morphologic appearance of the granulomas, the pronounced fibrosis, and the 
distribution of the lesions were considered to rule out the existence of fungous dis- 
ease. Appropriately stained sections failed to demonstrate the presence of fungi even 
in the most active-appearing granulomas. 

In the consideration of sarcoidosis, one must first differentiate between general- 
ized sarcoidosis and sarcoid-like lesions.” Sarcoid-like lesions are particularly preva- 
lent and are found especially in the hilar regions of the lungs. Recently it has been 
demonstrated * that sarcoid-like lesions are found in lymph nodes draining tumors. 


5. Rich, A. R.: Pathogenesis of Tuberculosis, Springfield Il, Charles C Thomas, Publisher, 
1944, 


6. These tests were performed by Dr. Leon Atlas, Department of Medicine, Harvard 


Medical School, Peter Bent Brigham Hospital. 
7. Frieman, D. G.: Medical Progress: Sarcoidosis, New England J. Med. 239:664, 1948. 
8. Gehardi, G. J.: Localized Lymph Node Sarcoidosis Associated with Carcinoma of the 
Bile Duet, Arch, Path. 49:163 (Feb.) 1950. Symmers, W. St. C.: Localized Tuberculoid 
Granulomas Associated with Carcinoma: Their Relationship to Sarcoidosis, Am. J. Path 
27:493, 1951. Nadel, E. N., and Ackerman, L. V.: Lesions Resembling Boeck’s Sarcoid, Am. 
1. Clin. Path. 20:952, 1950 
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It must be considered therefore that this represents an alteration of the host's 
capacity to react to numerous and varied stimuli. Generalized sarcoidosis most 
frequently involves the lymph nodes, lungs, spleen, liver, uveal tract, skin, bone, 
and bone marrow. It 1s thus a generalized disease and was noted by Schaumann * 


to involve primarily the lymphohematopoietic system. The heart is not infrequently, 


involved in sarcoidosis, but the lesions, according to the available literature, are 
usually focally distributed in the myocardium and produce arrhythmias and bundle- 
branch blocks. The stomach has rarely been implicated in sarcoidosis,’® and the cases 
reported show involvement of the entire wall, associated with ulcerations, as well 
as involvement of the regional lymph nodes. The histological appearance has been 
adequately described by Nickerson '! and consists of focal granulomas without 
caseation necrosis but frequently with fibrinoid necrosis. ‘The association with plas- 
macytes in the lesions of sarcoidosis has recently been stressed by Teilum,'? who 
also stressed the peculiar staining characteristics of the connective tissue component. 
This exhibits staining properties of amyloid and has been termed para-amyloid. 
Furthermore, the extensive fibrosis noted in this case is unusual in sarcoidosis, 
although Mallory '* has described six cases of sarcoidosis associated with this 
feature. We feel the absence of these properties in the case under discussion in all 
probability rules out sarcoidosis. 

It was felt that sarcoidosis could be summarily dismissed. The distribution of 
lesions, the histologic appearance, and the extensive fibrosis were considered incon- 
sistent with generalized sarcoidosis.'* Fibrosis of the lungs has been mentioned by 
Mallory '* respecting sarcoidosis, but it is an unusual feature. 

Chronic berylliosis could likewise be excluded from serious consideration.’® The 
failure to elicit a history of exposure, the roentgenologic picture, and the character 
of the histologic lesions were ample proof against this condition. \ 

Tale pneumoconiosis was first recognized as a distinct pathologic entity by 
Thorel,'® in 1896. Following his description, a few other reports on tale pneumo- 
coniosis appeared in the literature, but attention was not generally attracted to this 
substance until peritoneal granulomas following surgery were described. A number 


9. Schaumann, J.: Sur le lupus pernio: Mémoire présenté en novembre 1914 a la societé 
francaise de dermatologie et de syphiligraphie pour le Prix Zambasa. 

10. Gore, I., and McCarthy, A. M.: Boeck’s Sarcoid, Surgery 16:865, 1944. Guibert, H. L.: 
Maladie de Besnier-Boeck-Schaumann: a localisation gastro-ganglionnaire pure, Ann. anat. path. 
17:295, 1947. 

11. Nickerson, D. A.: Boeck’s Sarcoid: Report of 6 Cases in Which Autopsies Were Made, 
Arch. Path. 24:19 (July) 1937. 

12. Teilum, G. R.: Allergic Hyperglobulinosis and Hyalinosis (Paramyloidosis) in the 
Reticulo-Endothelial System in Boeck’s Sarcoid and Other Conditions: A Morphologic Immun- 
ity Reaction, Am. J. Path. 24:389, 1948. 

13. Mallory, T. B.: Pathology of Pulmonary Fibrosis, Including Chronic Pulmonary 
Sarcoidosis, Radiology 51:468, 1948. 

14. (a) Gardner, L. U.: Silicosis Conference, 1938, Geneva, cited by Baader, E. W.: Neues 
tiber Talklunge und Talkgranulom, Deutsche med. Wehnschr. 75:50 1950. (6) Teilum.?? 

15. Vorwald, A. J., editor: Pneumoconiosis, Beryllium, Bauxite Fumes, New York, Harper 
& Brothers, 1950; (a) Hardy, H. L.: Clinical and Epidemiologic Aspects, p. 133; (+) Wilson, 
S. A.: Roentgenologic Aspects, p. 152; (c) Vorwald, A. J.: Pathologic Aspects, p. 190; (d) 
Martland, H. S.: Post Mortem Observations in Cases in Which the Patients Had Been 
Exposed to Beryllium, p. 220. 

16. Thorel, C.: Die Specksteinlunge, Beitr. path. Anat. 20:85, 1896. 
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of reports pointed to the injurious effect of tale on mucous and mesothelial sur- 
taces.'’ ‘Twelve cases of pulmonary fibrosis due to inhalation of tale in which 
autopsies were made have been noted in the available literature.’* Only a brief 
mention of the pathologic changes was given in some of the cases. In addition there 
were 20 reports encompassing clinical and roentgenological surveys.'® 


The length of time from exposure to the initiation of clinical symptoms and x-ray 


findings of pulmonary fibrosis is markedly variable. Greenburg ‘’° and Mere- 


17. (a) Bethune, N.: Pleural Poudrage, New Technic for Deliberate Production of Pleural 
Adhesions as Preliminary to Lobectomy, J. Thoracic Surg. 4:251, 1935. (b) Fienberg, R.: 
Talcum Powder Granuloma, Arch. Path. 24:36 (July) 1937. (¢) McCormick, FE. J., and Ramsey, 
lr. L.: Postoperative Peritoneal Granulomatous Inflammation Caused by Magnesium Silicate, 
J. A. M. A. 296:817 (March 1) 1941. (d) Ramsey. T. L.: Magnesium Silicate Granuloma, 
Am. J. Clin. Path, 12:553, 1942. (e) Rossle, R.: Schadigungen der Gewebe durch Talk, Deutsche 
med. Wehnschr, 76:394, 1951. (f) Singer, J. J.; Jones, J. C., and Tragerman, L.. J.: Aseptic 
Pleuritis Experimentally Produced, J. Thoracic Surg. 10:251, 1941. (g) Swingle, A. J.: 
Morbidity and Mortality in Tale Granuloma: Report of a Fatal Case, Ann. Surg. 128:144, 
1948. (hh) Mills, KE. U.: Preliminary Studies on the Effect of Lycopodium Spores on the Tissue 
of Rana Pipiens, Thesis, Troy, N. Y., June, 1951 

18. (a) Sand, R., cited by Policard, A.: Action des poussiéres de tale sur les poumons: 
Etude expérimentale, Arch. d. mal. profess. 2:530, 1940. (b) Porro, F. W.; Patton, J. R., and 
Hobbs, A. A.: Pneumoconiosis in the Tale Industry, Am. J. Roentgenol. 47:507, 1942. (c) 
Levy, D., cited by Johnstone, R. T.: Occupational Medicine and Industrial Hygiene, St. Louis, 
C. V. Mosby Company, 1948, p. 373. (d) Porro, F. W., and Levine, N. M.: Pathology of Tale 
Pheumoconiosis with Report of Autopsy, North. New York M. J. 3:23, 1946. (¢) McLaughlin, 
\. I. G.; Rogers, E., and Dunham, K. C.: Tale Pneumoconiosis, Brit. J. Indust. Med. 6:184, 
1949, (f) Cole, L. Go: Lung Dust Lesions (Pneumoconiosis) Versus Tuberculosis, New York, 
\m. Medical Film Ine., 1948, p. 52. (g) DiBiasi, W.: Zur pathologischen Anatomie der Talk- 
staublunge, Arch. path. Anat. 319:505, 1951. (h) Thorel.'® 

19. (a) Cunningham, cited by Policard, A.: Action des poussiéres de tale sur les poumons : 
étude expérimentale, Arch. mal. protess. 2:530, 1940. (b) Hayhurst, cited by Policard, ibid 
(c) Zanelli, A.: Taleum Pneumoconiosis, Med. lavoro 22:3, 1931. (d) Merewether, E. H. A.: 
\nnual Report, Chief Inspector of Factories and Workshops for England and Wales, London, 
His Majesty's Stationery Office, 1933, p. 63; 1934, p. 65. (¢) Dreessen, W. C.: Effects of Certain 
Silicate Dusts on the Lung, J. Indust. Hyg. & Toxicol. 15:66, 1933. (f) Dreessen, W. C., and 
Dalla Valle, J. M.: Effects of Exposure to Dust in 2 Georgia Tale Mills and Mines, Pub. 
Health Rep. 50:131, 1935. (g) Middleton, E. L.: Industrial Pulmonary Disease Due to the 
Inhalation of Dust with Special Reference to Silicosis, Lancet 2:1 (July) 1936; 2:59 (July) 
1936, (h) Gardner.'4#4 (1) Policard, A.: Action des poussiéres de tale sur les poumons: Etude 
experimentale, Arch. mal. protess. 2:530, 1940. (7) Nuck, K., and Szezepanski, W.: Talk und 
Talkumstaublunge, Arbeitsmedizin, No. 9, 1939. (k) Carozzi, L.: A propos de la soi-disant “sili- 
cose (par le tale) des couturiéres,” Schweiz. med. Wehnschr. 71:1100, 1941. (J) Siegal, W.; 
Smith, A., and Greenburg, L.: Study of Tale Miners and Millers, Indust. Hyg. 22:434, 1943. 
(m) Reichmann, V.: Uber Talkumstaublunge, Arch. Gewerbepath. u. Gewerbehyg. 12:317, 1944. 
(n) Millman, N.: Pneumonoconiosis Due to Tale in the Cosmetic Industry, Occup. Med. 4:391, 
1947. (0) Greenburg, L.: The Dust Hazard in Tremolite Tale Mining, Yale J. Biol. & Med. 
19:481, 1947. (p) Parmeggiani, | Pneumoconiosis of Miners and Millers of Tale in the 
District of Pinerolo, Rass. med. indust. 17:16, 1948; abstracted, Lit. Indust. Hyg. 31:75, 1949. 
(q) Bruusgaard, and Skjelberg Knudsen, K. B.: Silicatosis in Norwegian Tale Industry, 
Proceedings of the Ninth International Congress on Industrial Medicine, London, 1948, p. 1755. 
(r) Hogue, W. L., and Mallette, F. S.: A Study of Workers Exposed to Tale and Other Dusting 
Compounds in the Rubber Industry, J. Indust. Hyg. & Toxicol. 31:359, 1949. (5) Cavigneaux, 
Charles, Fuchs, and Tara, S.: Un cas de talcose 4 forme pseudo-tumorale, Arch. mal. Profess. 
11:34, 1950; abstracted, A. M. A, Arch. Indust. Hyg. 4:93 (July) 1951. (#) Baader, E. W.: 
Neues uber Talklunge und Talkgranulom, Deutsche med. Wehnschr. 75:50, 1950. 
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wether '** reported cases of tale pneumoconiosis in which 10 years elapsed between 
exposure and onset of symptoms. It would seem that a longer period of exposure 
is necessary than in silicosis. 

The composition and the size of particles of commercial “tale” vary tremendously 
in the samples examined by various authors.*” The content of quartz is likewise 
a variable entity and ranges from 0 to 20%.*' In some instances commercial tale 
consists of pure calcium carbonate, while in others it is a mixture of tale, tremolite, 
carbonates, serpentine, ete. Schulz and Williams °*"* studied seven commercial 
“tales” and found 75 to 95% of their crystals below 10 » in length. Asbestos bodies, 
which were first appreciated in talcosis by Gardner,** are almost invariably present 
in the cases of talcosis in which the tale fibers are of an appreciable length. How- 
ever, in the case reported by DiBiasi,‘“* who found only very occasional asbestos 
bodies, the analysis of the tale inhaled revealed a small fraction of asbestos. 

The histologic appearance of tale pneumoconiosis has been described in detail 
by Thorel,'® Porro and associates,’*” McLaughlin and associates,’** and DiBiasi.’™* 
In essence this pneumoconiosis consists of a dense fibrosis which is particularly 
prevalent peribronchially and perivascularly and occurs in sheets and occasionally 
assumes a nodular configuration. The latter finding may represent a reaction to the 
quartz content of the “talc.” Tale granulomas following surgical procedures where 
talc is used indiscriminately on the gloves produces a granulomatous response. These 
granulomas consist of focal aggregates of histiocytes admixed with lymphocytes 
and giant cells of the foreign-body or Langhans variety. These same granulomas are 
also associated with the pulmonary changes in early stages of talcosis. The hilar 
lymph nodes are generally described as showing no enlargement or fibrosis.** On 
microscopic examination, however, they are reported to contain talc-laden macro- 
phages by some autlors.** 

The amount of tale present in the lungs in gases in which autopsy has ‘been 
performed is generally of considerable magnitude.** Most photomicrographs demon- 
strate copious amounts of refractile elements, but Thorel '® described in his case a 
large area of fibrosis in which he was unable to detect crystals. In a case of post- 
operative tale granulomatosis described by Rossle '** there were granulomatous 
lesions in the abdominal scar and axillary lymph nodes. While numerous crystals 
were encountered in the scar tissue, almost no crystals were found in the granulomas 
of the axillary lymph nodes. DiBiasi’s *** case was studied from the petrographic 
standpoint with the electron microscope.** These authors came to the conclusion 
that there was definite erosion of the tale crystals as compared with crystals from 
the tale inhaled. Schulz and Williams *"* reported that in animal experiments certain 

20. (a) Schulz, R. Z., and Williams, C. R.: Commercial Tale: Animal and Mineralogical 
Study, J. Indust. Hyg. & Toxicol. 24:75, 1942. (b) Greenburg.1% 

21. Porro and others.18% Carozzi2%  Millman.1%® Greenburg.19° Schulz 
and Williams.2° 

22. Gardner, L. U., cited by Porro, F. W., and Levine, N. M.: Pathology of Tale Pneumo- 
coniosis with Report of Autopsy, North. New York M. J. 3:23, 1946. 

23. Sttiber, K.: Cellular Response of Lymph Nodes to Various Dust Suspensions Introduced 
into Lymphatics, J. Indust. Hyg. 16:282, 1934 

24. Thorel.t® DiBiasi.18¢ 
25. Thorel.1¢ McLaughlin and others.1% Cole.8f DiBiasi.1** 

26. Beintker, E., and Meldau, R.: Zur Submikrophysiographie des Staubinhalts einer 

Talkumlunge, Klin. Wehnschr. 27:607, 1949. 
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components of injected commercial tale disappeared. This is in keeping with cases 
of silicosis in which the quartz crystals were found to display irregularities which 
were interpreted to represent erosion.27 Moreover, in long-standing cases of silicosis 
several observers have reported the almost acellular nodules to contain extremely 
rare or no quartz crystals,** while in heavily pigmented areas many crystals are 
noted.**” The last occasion on which our patient was known to have been exposed to 
talc was nine years prior to his death, a lapse of time which might readily account for 
the paucity of crystals in the lungs as well as the aggregation in the pigmented areas. 

A new feature presented by this case is the granulomas found in the stomach 
and the heart. Cohn and associates ** described a case in which kaolin medication 
was thought to be responsible for granulomas limited to the mucosa of the stomach, 
and in animal experiments they were able to produce similar lesions. The illustration 
of their case could very well be substituted for those of our case. It is considered 
that the lesions in our case represent a response to the swallowing of coughed 
sputum containing infinitesimal amounts of tale. The mucosal surfaces of various 
organs have been noted by Rossle and others “° to assume a granulomatous response 
to the tale contained in suppositories and in medicaments. 

The histologic findings in the heart of our patient are more difficult to explain. 
Frequently the literature on silicosis contains reports of enlargement of the heart 
resulting from extensive fibrosis of the lungs (cor pulmonale). Only Matz *' has 
reported on several cases of pericardial and myocardial fibrosis in patients dying 
from silicosis. These cases, however, were complicated by infectious processes, and 
the microscopic examination did not reveal granulomatous changes of the heart. 
lwo possible explanations can be given for this process. First, a few crystals which 
are not visible in our histologic preparations may be present. Tebbens, Schulz, and 
Drinker ** showed that silica particles ranging from 0.6 to 1.0 » produced appre- 
ciable fibrosis, while particles greater than 1.0 » in length caused a lesser degree of 
fibrosis. Hatch and Kindsvatter ** found a great increase in the potency to produce 
fibrosis with a decrease in fiber size, his crystals measuring less than 0.5 ». Particles 
of 0.25 w and less are believed invisible in microscopic sections.?*? The second 


27. (a) Beintker, E.. and Meldau, R.: Elektronenoptische Untersuchungen bei Silikose, 
Klin. Wehnschr. 27:606, 1949. (b) Koppenhéfer, G. F.: Untersuchungen zur Pathogenese 
silikotischer Gewebsveranderungen: morphologische Untersuchungen iiber das Verhalten des 
Quarzstaubes im silikotischen Gewebe, Arch. f. Gewerbepath. u. Gewerbehyg. 6:18, 1935. (c) 
Silverman, A., and Moritz, A. R.: Peritoneal Reaction to Injected Fused (Spherical) and 
Unfused (Spiculate) Quartz, Arch. Indust. Hyg. 1:499, 1950 
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Philadelphia, W. B. Saunders Company, 1944, vol. 2, pp. 849-856. Singer and others.'7f 
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explanation accounts for the cardiac changes by an alteration of the capacity of the 
host to react, 1. e., by a hyperergic phenomenon. An analogy can be drawn to miners 
who work under the same circumstances, yet in only a certain percentage does silicosis 
finally develop.** The silica content of lungs of patients dying from fully developed 
silicosis is occasionally lower than that of normal lungs.** In animal experimenta- 
tion the ability to produce silicosis and tale granulomatosis, as well as the degree 
of reactivity, varies markedly in different animal species as well as in individual 
animals of the same species. Since no adequate explanation has been forthcoming, 
it would appear that an altered host response could account for these differences. 
Further evidence can be gathered from berylliosis, regarding which many authors 
(e. g., Vorwald *°*) mention an allergic basis for the lesions. Rossle’s '"* case sup- 
ports this hypothesis. Since the quartz content of the tale in our case is unknown, 
it is acceptable that this substance might have played a small part in the fibrotic 
reaction. The diffuse fibrosis with only occasional nodules, however, tends to dismiss 
quartz from playing an important part. Furthermore, in the sections studied under 
crossed Nicol prisms no quartz crystals were identified. 


SUMMARY 


A case of tale pneumoconiosis is presented in which unique pathologic findings 
were demonstrated. There were extensive pulmonary fibrosis and granulomatosis 
in which tale crystals were positively identified. Cardiac and gastric lesions were 
present and were interpreted to represent a direct reaction to tale or an altered 
capacity to react on the part of the host. A review of the available literature is 
presented. 


34. Forbes, J. J.; Davenport, S. J., and Morgis, G. G.: Review of Literature on Dusts, 
Bulletin 478, United States Department of the Interior, Bureau of Mines, 1950. 

35. Gardner, L. U., and Redlin, A. J.: The Significance of Chemical Examination in the 
Diagnosis of Silicosis, J. Indust. Hyg. & Toxicol. 24:125, 1942. 
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JET IMPACTORS FOR DETERMINING THE PARTICLE-SIZE 
DISTRIBUTIONS OF AEROSOLS 


W. E. RANZ, Ph.D. 
AND 


J. B. WONG, MS. 
URBANA, ILL. 


A IMPACTOR is essentially a device which separates air-borne particles imto 
two classes. Larger and heavier particles are thrown into a collecting sur- 
face in front of a jet, while smaller and lighter particles escape impaction. If the 
particles are alike in composition, a partial size separation is accomplished and it 
is this which makes an impactor a useful device for measuring the particle-size 
distribution of an aerosol. 

Impingers operating under liquids! have been used for many vears to collect 
samples of gas particulates. Dry impingers or impactors * have also been used to 
“fix” invisible dusts on microscope slides, where they can be studied. Although 
the size of impacted particles can be measured under a microscope, the impaction 
principle, in such applications, is used more as a method of sampling than as a 
method of determining the particle-size distribution. May * reported extensive 
data on the size separation occurring in impactors with slit jets of rectangular 
shape and presented a dimensional analysis of the variables affecting the operation 
of such impactors. He developed a cascade system of impaction stages in which 
a mist of the size range from 1 to 50 microns was separated into five fractions of 
successively smaller particle size and showed that cumulative mass distributions 
could be approximated at “characteristic diameters” for each stage. Sonkin,' by 
substituting smaller jets, extended the series system to an instrument for deter- 
mining particle sizes in the micron and submicron range, but his instrument was 
not calibrated with great accuracy. Laskin © made an extensive study of the possi- 
bility of using May's impactor for the size analysis of heavy aerosol particles of 


nucron and submicron sizes. 


From the Engineering Experiment Station, University of Illinois 


1. Greenburg, 1... and Smith, G. W \ New Instrument for Sampling Aerial Dust, R. I 
2392, U.S. Department of the Interior, Bureau of Mines, 1922. 

2. Owens, J. S.: Suspended Impurity in the Air, Proc. Roy. Soc., London A101:18, 1922 

3. May, K. R.: The Cascade Impactor, J. Scient. Instruments 22:187, 1945. 

4. Sonkin, L. S \ Modified Cascade Impactor: A Device for Sampling and Sizing 
Aerosols of Particles Below 1 Micron in Diameter, J. Indust. Hyg. Toxicol. 28:269, 1946. 

5. Laskin, S., in Pharmacology and Toxicology of Uranium Compounds, Edited by C. 
Voegtlin and H. C. Hodge, New York, McGraw-Hill Book Company, Inc., 1949. 
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The purpose of our research was to develop an adequate theoretical analysis of 
the impactor as an instrument for assessing aerosols and to obtain experimental 
impaction efficiencies for rectangular and round aerosol jets impinging on flat 
surfaces. 

RESULTS OF THEORETICAL DEVELOPMENT 

1. The Process of Impaction—Consider an aerosol jet directed against a flat 
plate which is effectively infinite in extent. Consider also a particle whose motion 
will not be identical with that of the fluid, because it is affected by inertia and 
tends to impact on the surface of the plate. Figure 1 is a graphical representation 
of the situation. 


Applying the law of motion to the movement of the particle one finds that the 


fluid resistance opposing the relative movement of the particle through the fluid 


causes a change in the motion of the particle represented by its mass multiplied 


by its acceleration. Gravity and any other force which may affect the motion of 
the particle are assumed to be negligible. The particle is assigned the diameter 
of an equivalent sphere, and the size of the particle is considered to be so small 


AEROSOL JET 
yk 
-2 ‘ 
Fig. 1-—Impacticn of aerosol particles. Streamline----; particle trajectory 


that the mobility is a function only of the particle diameter and the physical prop- 
erties of the fluid. 

A particle in such an aerosol jet will follow the fluid for some distance. As 
the plate is approached, the fluid velocity changes markedly to allow the jet to 
spread, but the particle will follow a trajectory given by the equation of motion. 
Whether or not the particle trajectory will reach the surface of the plate depends 


on the nearness of its starting point to the axis of flow, the nature of the stream- 
line along which and across which the particle passes, and the configuration of the 
flow system. 

From a theoretical standpoint the efficiency of impaction is defined as the ratio 
of the cross-sectional area of the original aerosol jet from which particles of a given 
size are removed because their trajectories intersect the surface of the plate, 
to the total cross-sectional area of the jet. All particles which strike the plate are 
assumed to adhere to its surface, and no particle is assumed to touch the surface 
unless the trajectory of its center is tangent to or intersects the surface. 

A complete solution of the theoretical equations for the limiting trajectories 


cannot be obtained, but a consideration of the functional form of the solutions shows 


. 
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that the efficiency of impaction, 7, is a function only of a dimensionless inertial 
parameter, y, defined by 
¥ = Cp, vo D,?/184 D 
where 
( empirical correction factor for the resistance fluids oppose to the movement of 
small particles, dimensionless. (For air at normal room temperature and pressures 
( 1.00 4+ 0.16 10°4/D,.) 


p, = density of aerosol particle, gm.mass/cu. cm 
v velocity of aerosol jet, cm./sec. 

1), = effective diameter of aerosol particle, cm 
# = viscosity of air, poise 


1), = diameter of round jet or width of rectangular jet, cm 


The inertial parameter has a physical meaning, being the ratio of the stopping dis- 
tance, i. e., the distance a particle will penetrate into still air when given an initial 
velocity of v,, to the diameter or width of the aerosol jet. In consequence of this 
physical meaning the inertial parameter must be of the order of unity in any given 
system to cause fractional impaction efficiencies of the order of unity. 

2. Efficiency of Impaction for Simplified Flow Models of Rectangular and 
Round Aerosol Jets —To obtain a theoretical solution, an approximation of the 
velocity field in the region where the aerosol jet impinges on the plate was made. 
The results are shown in Figure 4, in terms of 7 vs. Vv where \/y is directly 
proportional to particle diameter when C = 1. 

Because the equation of motion of a particle is analogous to the equation for 
free vibration with viscous damping, there are critical y’s of 1/8 for rectangular 
jets and 1/16 for round jets which, being analogous to critical damping coefficients, 
define the lower limiting value of y for finite impaction efficiencies. Total impaction 
(y == 1) occurs whenever the y of a particle on the edge of the jet represents a 
stopping distance greater than the distance from the plate to the point at which the 
edge of the jet is turned at right angles to the direction of flow. Total impaction 
was obtained for the model when y = 1/2 for rectangular jets and y= 1/4 for 
round jets. 

From these results it appears that for a jet operating under a given set of condi- 
tions there is a minimum particle size below which impaction does not occur and 
there is a maximum particle size above which all particles are impacted. The 
range sizes of particles which are partially impacted is so narrow that the particles 
can be etfectively separated into two size classes. It is this characteristic which 
makes the impactor a useful device for determining particle-size distribution in 
aerosol systems. 

The model used in obtaining the theoretical results shown in Figure 4 has all 
the essential features of the two systems under consideration, rectangular and 
round jets impinging on flat plates. .\s a consequence, a plot of » vs. \/v should 
show a characteristic step-curve for each system, and it was the purpose of the 
experimental measurements to establish these curves. 

3. Application of the Impactor to the Determination of the Cumulative Size 
Distribution of an Aerosol —lf an aerosol with particles of uniform density but 
of varying size is passed through an impactor, the portion of particles with a given 


6. Den Hartog, J. P.: Mechanical Vibrations, New York, McGraw-Hill Book Company, 
Inc., 1947 
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particle size impacts completely, partially, or not at all in accord with the relation- 
ship between » and y. Ii, however, the efficiency curve can be considered as a 
sharp, well defined step-curve such that » 0 for D, less than the characteristic 
diameter, then the fraction of the total mass of particles that escapes being collected 
or impacted on the plate represents the cumulative-mass-distribution fraction for the 
characteristic diameter. ‘The characteristic diameter is determined by the opera- 
tional characteristics of the jet, and can be varied when assessing a certain aerosol 
by varying the jet velocity for a single impactor or by using a combination of 
velocities and jet sizes. By measuring the cumulative-mass-distribution fraction 
for various characteristic diameters, the entire cumulative-distribution curve can 
be drawn. 


For series or cascade operation, a perfect step-curve means that the fraction of 
total mass of particles collected on all stages from the first stage through and 
including the nth stage is equal to 1 minus the cumulative-mass-distribution fraction 
for the characteristic diameter of the nth stage. 


The characteristic diameter, in general, is the diameter which defines a step- 
curve equivalent to the actual efficiency curve and will depend on the exact nature 
of the size distribution. However, if the size-distribution function is effectively 
constant over the size range between the maximum and the minimum diameter for 
fractional impaction, and if the correction term C is near unity, the characteristic 


diameter is specified by the \/y for the average ordinate, », between the maximum 


and minimum values of the abscissae, \/y, which define the limits of fractional- 
impaction efficiencies. 


DESCRIPTION OF IMPACTORS 


Two types of impactors were used in this investigation. The first type had a ™“-in. 
(12.5-mm.) approach-line tube and the second type, smaller and more compact, had a %-in 
(9.5-mm.) approach-line tube. Rectangular and round jets could be mounted in both types, and 
the parts were interchangeable, so that several impactors could be mounted in series or in 
combinations with cyclones and filters. The rectangular jets had cylindrical, convex inside 
walls; the round jets had a 60-degree cone as an approach shape. Outside walls of the jets 
were streamlined at an angle of 30 degrees for the first type of impactor and 45 degrees for 
the second type to allow entrainment and to prevent the aerosol stream from spreading before 
it reached the vicinity of the plate. 


The jets were mounted so that the spacing between the jet opening and the impaction plate 
was from one to three jet widths or diameters. The collectors were microscope slides or 
flat-bottom glass cups which could be removed from the impactor for analysis. The aerosol 
particles which escaped impaction were drawn into a filter train which contained two or three 


separate filters packed with filtering fibers. 


TEST EQUIPMENT AND EXPERIMENTAL PROCEDURE FOR 
DETERMINING IMPACTOR CALIBRATIONS 


Figure 2 is a schematic diagram of the experimental equipment used to establish impaction 
efficiency curves for rectangular and round aerosol jets. The central feature of the equipment 
is a condensation aerosol generator similar to that designed for aerosol research by the Depart- 
ment of Chemistry of Columbia University.? 


This apparatus was capable of producing an 


7. (a) Sinclair, D.: Handbook on Aerosols, United States Atomic Energy Commission, 
1950, Chap. 6 and 7. (b) This measurement was made with Owl No. G-2, calibrated by the 
Department of Chemistry of Columbia University and lent to the University of Illinois by the 
Army Chemical Corps. 
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uncharged aerosol of uniform particle size The air tor the generator was filtered and then 
dried to a dew point of less than minus 40 F.* The pressure to the two flow meters was regulated.® 
The flowmeters delivered air to the salt-nuclei generator and to the humidifier, to each in a 
range trom 550 to 4,300 cu. cm./min, at 10 pounds per square inch gage (p.s.i.g.) and 70 F. The 
current through the salt-nuclet generator was regulated.’° The aerosol generator was enclosed 
by insulating walls The temperatures in the humidifying and reheating sections were 
regulated! 


Glycerol was used as the aerosol material The generator provided particles of nearly 


uniform diameter in a range from 0.3 to 14 micron. The rate of generation was of the order 
of 1 to 5 mg. of aerosol material per minute. The rate of generation and the particle size were 
fixed by controlling the operating conditions, particularly the current through the coil of the 
salt-nucle: generator, the temperature of the humidifying section, and the ratio of the air rate 


through the humidifier to the air rate through the nuclei generator. 

Phe glycerol aerosol which formed by condensation on the salt nuclei while passing through 
the cooling chimney could be disposed of through a line to a water aspirator when the generator 
was coming to equilibrium or could be drawn into the impactor line together with additional 


5 Filter 


Filter 


Vacuum Pump 
determining impaction efficiencies of jets 


air When the vacuum system was under operation. 


The additional air was room air drawn into 
the impactor line through an air filter.1% 


The collectors used for calibration were glass cups which could be weighed for impacted 
material 


Che aerosol particles which escaped impaction were drawn into a filter train consist- 
ing of two or three separate filters, each containing about 1 in. 


(2.5 cm.) of tightly packed 
filtering fibers.'4 


Phe filters could be removed and weighed. Since all or nearly all of the weight 
Increase appeared in the first section, a complete removal of the particles was assumed. 

8. The filtering and drying were done by a Lectrofilter and a Laboratory Lectrodryer 
9. The flow meters used were Fischer and Porter Flowrators, and their regulation was 
achieved with a Moore Nullmatic Pressure Regulator, through an Army Chemical Corps aerosol 
filter cannister 


10. For this regulation a Sorensen Voltage Regulator and a Variac were employed 


Il. These walls were constructed of Marinite-A, furnished by Johns-Manville Company. 
12. These temperatures were regulated with Aminco Bimetal Thermoregulators, 
Midget Relays, and 750-watt Calrod Heaters 
13. The air filter was furnished by Arthur D. Little, Inc. 


14. No. 800 Pyrex Brand Wool Filtering Fiber was used. 
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The aerosol particles and additional air were drawn through the impactor and filter train 
by a pump capable of delivering 1 cubic foot per minute (c. f. m.) of free air at a vacuum of 
20 in. (50.8 cm.) of mercury> The rate of flow was determined by previous calibration of the 
jets and was controlled by needle valves in combination with a bleed line. 

The aerosol generator was operated approximately three hours before impaction data were 
taken. This period of time allowed the operating conditions to be adjusted for a certain general 
particle size and allowed equilibrium and uniformity of particle size to be obtained. 

The diameter of the aerosol particles leaving the generator was measured optically.7® In 
many instances the particle size of aerosols of approximately l-micron diameter was checked 
independently by falling-velocity measurements. It was estimated that the sizes thus obtained 
did not deviate more than 10% from the average diameter read optically *® and that the reading 
was probably more reliable and consistent than falling-velocity measurements for particles in 
the l- and 0.1-micron ranges of size. 


As soon as the particle size was determined, the vacuum pump was started and the needle 
valves were adjusted for a given volumetric velocity through the jet as indicated by manometers. 
The aerosol jet was allowed to impinge on the collector cup for approximately 20 minutes, after 
which the cup and the filters were removed and reweighed. Since 30 to 100 mg. of aerosol 
material was apportioned between the cup and the filters, the efficiency of impaction was readily 
determined by this method. 


A sample calculation of the impaction efficiency of a rectangular aerosol jet 
(No, 1-1-3) operating under a given set of conditions follows : 


Weight of glycerol collected in cup..... oH - = 0.0335 gm. 
Weight of glycerol collected in filters...  ==0,0078 gm. 
Particle diameter optically read = 0.72 x cm. 
Absolute pressure in approach line, P,... as = 0.984 atm. 
Absolute pressure beyond jet, Ps .......... 0.960 atm. 
Temperature of aerosol approach stream, 7) .... = 299°K. 
kl 
* , where k= 1.40 ... 297°K. 
Volumetric flow rate at Ps, ..... = 174 cu. cm./sec. 
Average linear velocity of jet at /’2, Ja, v = 5,100 cm./sec. 

Density of glycerol particles, Pp». . = 1.26 gm. mass/cu. cm. 
Viscosity of air at 72,4 ...... = 1.836 x 10-4 poise 
¥= Ca,v./18 D....... = 0.454 
V (Crpvo/184 Dy. = 0.67 


In the above calculation the temperature of the jet was taken to be that for fric- 
tionless adiabatic flow of a perfect gas, the pressure of the jet was taken to be that 
of the enlarged section beyond the jet, and the impaction process was assumed to 
occur at these conditions. Actually, a temperature recovery occurs at the stagna- 


tion point on the surface of the plate directly in front of the jet. 


EXPERIMENTAL RESULTS 


Table 1 lists the dimensions of the calibrated jets. Since construction of the 
jets involved a difficult fabrication procedure, the design dimensions were not 
obtained exactly. Jet widths, lengths, diameters, and areas were measured micro- 
scopically, with the jet width or diameter as the critical dimension. 

Figure 3 is a plot of experimental-impaction efficiencies where the plotting key 
for individual jets is as given in Table 1. 


15. The pump was the Precision Rotary Pressure and Vacuum Pump 
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Paste 1.—Jet Dimensions 


Jet Type Body B, Cm. , Cm. Jet 
Type No. Area, Cu. 


Rectangular 0.0711 0.209 a ; 0.0711 
Kectangular 0.0526 0.147 ‘ 0.0526 
Rectangular 0.0273 0.0879 0.0341 
Rectangular 0.0205 0.0540 o2 0.0256 
Kectangular 0.0711 0.0776 ). 0.0711 
Rectangular 0.0526 0.156 0.0526 
Kectangul a 2 0.0526 0.142 0.0531 
Round 0.102 0. 30€ 0.0082 
Rectangular 0.0472 0.133 0.954 0.0450 
Rectangular 0.0249 0.0712 0.970 0.0242 
Kound 0.1115 0.302 - 306 see 0.0098 
Kound 2 0.189 0.380 0.540 cee 0.0280 

width of rectangular jet opening of diameter of round jet opening. 

spacing of jet opening from plate. 

w= width of jet face. 


= length of rectangular jet opening. 


"These jets are the same as those with the corresponding jet type and number designations 
except that the spacing, B, and the face width, C, have been changed. 


1.0 


EFFICIENCY OF IMPACTION 


06 
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Fig. 3.—Impaction efficiencies of rectangular and round aerosol jets impinging against flat plates. 
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COMMENT ON EXPERIMENTAL RESULTS 

1. Shape and Position Characteristics of E ficiency Curves.—The curves of the 
experimental results are compared with the theoretical curves and with the experi- 
mental curve of May * in Figure 4. The experimental curves for glycerol aerosols 
have the same qualitative shape and are spaced apart at about the same distance as 
the theoretical curves. Definite minimum and maximum values of \/y are indi- 
cated by the experimental curves: 


Minimum Maximum 


The yy for which »—0.5 and the \y for the average ordinate between the 
maximum and minimum values of the abscissae are coincident within experimental 


error. This value of \/y, designated as the characteristic \/y, is the most impor- 
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_ Fig. 4.—Jet-impactor efficiency curves determined theoretically and experimentally, compared 
with May’s experimental curve. 
tant of all the experimental values determined, since it sets the chararteristic par- 
ticle diameter for an impactor stage. An index of separation, which is a measure 
of the impactor’s ability to classify particles into two size ranges, may be defined 
as the characteristic \/y divided by the difference between the maximum and the 
minimum 


Index of 


Characteristic V¥ Separation 


From the standpoint of its ability to separate particles into two classes, neither the 
rectangular jet nor the round jet enjoys any superiority. In general, the chief 
advantage of the round jet is its ease of construction and that of the rectangular 
jet its one-dimensional trace which can be analyzed by a single traverse across 
the trace. 
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The impaction process is extremely complex, and it is impossible to give a 
complete reason why the experimental curve for glycerol aerosols and rectangular 
jets lies below and to the right of May’s experimental curve. However, since the 
theoretical curve represents an ideal situation with maximum efficiencies (1. e., 
where the velocity is uniform at the jet opening and the jet changes direction in 
a minimum volume of the flow field), one would expect that experimental eff- 
ciencies lower than theoretical efficiencies would be obtained for the upper sections 
of the curve. Since the negative gradient of the x-component of velocity at the 
stagnation point is larger for actual flow, one would expect that the minimum values 
of \/w for finite impaction efficiencies would be lower for the experimental curves 
than for the theoretical curves. These expectations were satisfied by the experi- 
mental curves for glycerol aerosol. In any event, the particle sizes determined 
by impactors of this type with the given calibration are those that would have been 
indicated by optical measurement if the instrument used ‘? were capable of reading 
the size distribution of a heterogeneous aerosol. 

2. Effect of Jet Dimensions on the Efficiency Curve.—As shown in Table 1 
and Figure 3, the ratio of jet spacing to jet width varied between 3 and 1, and the 
ratio of width of jet face to jet width varied between 8 and 3, without any significant 
variation in the efficiency curve. When the ratios were changed for the same jet, 
no curve change was produced which could not be attributed to normal experimental 
error. 

When the ratio of jet spacing to jet width exceeds 4, the curve can be expected 
to move to the right and downward and to become less sharply defined, since the 
jet will then have sufficient distance in which to mix and diffuse to a significant 
extent with entrained air. When this ratio becomes less than unity or when the 
ratio of width of jet face to jet width becomes excessive, the curve can be expected 
to move to the right and downward and to become less sharply defined, since free 
entrainment is prevented and the jet spreads in the resulting pressure gradient. 

3. Other Factors Affecting the Impaction Process.—The ranges of variables 
employed in establishing the calibration curves were as follows: particle diameter, 
D, = 0.34 to 1.38 micron; average jet velocity, vo = 1,050 to 18,100 cm./sec; 
rectangular jet widths, )). 0.020 to 0.071 cm.; round jet diameters, D, = 0.10 
to 0.19 cm. Because of the experimental difficulties involved, the calibration curve 
for a single jet was established, in general, at a single particle diameter by varying 
the jet velocity, but sufficient data were taken to show a cross plot of the same 
curve at a single jet velocity with varying particle diameter. Only glycerol aerosol 
with particle density of 1.26 gm. mass/cu. cm. was used, and the viscosity term 
in the inertial parameter was that of air. Laskin ° demonstrated that smaller and 


heavier particles can be classified in an instrument designed to classify larger and 
lighter particles and gave comparable results for particle density nearly 10 times 
greater. 


To prevent excessive cooling and the possibility of moisture condensation when 
the impactor is classifying a certain particle size, there is a considerable advantage 
in Operating a small jet at less than half sonic velocity rather than a large jet at 
sonic velocity. Under these circumstances the jet temperature is effectively equal 
to the ambient temperature, and the jet velocity of the inertial parameter can be cal- 
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culated from the volumetric rate of sampling corrected to the pressure downstream 
from the jet. The viscosity of air, w, also can be taken at the ambient temperature. 

Particles with inertial parameters in the range of varying efficiency will impact 
on the collector plate with velocities much smaller than the jet velocity. However, 
particles with very large inertial parameters may impact with such force that they 
are shattered, an undesirable event when a microscopic analysis is to be made. In 
most cases sampling conditions can be adjusted to prevent shattering of particles 
of the types and sizes under investigation. In the present experimental studies, 
breakup of individual particles was of no consequence since microscopic analysis 
Was not involved. 

Reentrainment of particles can occur when the contact between the particle and 
the collector plate is sheared otf by fluid drag forces tangential to the plate. Reen- 
trainment of single particles is most probable at y-positions of from 1 to 3 units 
(see Fig. 1) where the tangential velocities are large and the boundary layer on 
the collector surface has not grown thick enough to protect the particles. If intimate 
contact of particle and collector plate is possible (and the extreme smallness of 
aerosol particles usually makes such contact possible), the intermolecular forces of 
contact can withstand any fluid drag force. In cases involving dry granular particles 
a coating of the collector with resinous film will aid the contact and prevent reen- 
trainment. In the present experimental studies reentrainment could occur only 
when the quantity of material collected in a cup became excessive. Particles built 
up into a thin film in front of the jet, and the film was moved outward by the air 
flow to the sides of the cup where it experienced only low air velocities. 
EXAMPLES OF THE 


USE OF 


IMPACTORS FOR PARTICLE-SIZE MEASUREMENT 
Whenever an aerosol with particles of uniform density is composed of a material 
susceptible of simple analytical analysis, a determination of the quantity of material 
which escapes impaction relative to the total amount of material entering the jet 
is a measure of the cumulative mass distribution for the characteristic diameter of 
the impactor when this is operating at the given conditions. A convenient system 
is one which operates with several impactors in series with a constant sampling rate 
and successively smaller characteristic diameters. Two examples of such size- 
distribution measurements follow. 

1. Ammonium Chloride Aerosol.— Ammonium chloride aerosol was generated 
ina 3-in. (7.5-cm.) air line by injecting ammonia and excess hydrogen chloride 
into the stream. The aerosol resulting from the chemical reaction was sampled 
downstream by a series combination of four impactors of the first type and a filter. 
The sampling system was operated at about 0.5 ¢.f.m. long enough to collect sufficient 
material on each stage for an accurate analysis and not so long as to clog the jets with 
aerosol material and change their flow characteristics. The ammonium chloride was 
washed from the impactor cups and filters with water, and the amount of material on 
each stage was determined by colorimetric analysis for ammonia using Nessler’s 
reagent. Table 2 shows the results of such a determination, and Figure 5 is a graphi- 
cal representation of the apparent size distribution. In the calculation that was 
made for the characteristic particle diameter of each stage, the density of the particles 
was assumed to be that of pure, nonporous aerosol material, and the form of the 
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particles was assumed to be effectively spherical. ‘These assumptions do not preclude 


using such results for comparative purposes and are sufficiently accurate to give an 


approximate value of the actual particle size. In fact, for irregular and unknown 


shapes such a method is as good as any for standardizing the reporting of particle 
sizes. A median particle diameter is quickly determined, and some idea of the spread 


of the particle sizes is obtained. 


Taste 2—Examples of the Use of Impactors for Particle-Size Measurement 


Ammonium Chloride Aerosol (p; 1.53 gm. mass,/cu. em.) 


Example 


NHa Characteristic 
Collected, Cumulative Diameter (D), 
Stage Gm. 104 Weight, % De, Cm vo, Cm. See Cm. 
| % 1-9-1 0.054 woo 0.0692 3,480 1.10 
1-2-2 0.058 S11 0.0526 4.560 0.82 
1-?-3 65.0 0.0282 6,760 0.46 
12 0.146 10,450 0.28 
0.240 


Sulfuric Acid Aerosol (pp = 1.33 gm. mass em. [44% H2SO4)}) 
Characteristic 
i ] Collected, Cumulative Diameter (D), 


Stage Gm, & 108 Weight, % De, Cm. vo, Cm. See, Cm. x 10* 
7.4 95.7 0.0982 2,030 1.85 
79.1 49.8 0.0472 4,140 0.88 
64.6 12.3 6,770 O51 
"10 0.0161 13,(P0 0.24 


Filters 
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Fig. 5.—Particle-size distribution of sulfuric acid and ammonium chloride aerosols, determined 
from jet-impactor data. 


2. Sulfuric Acid Aerosol.—Sulturic acid aerosol was generated by mixing sulfur 
trioxide gas with an air stream of 50% relative humidity in a ratio of 0.4 grain SOs 


to leu. ft. of air. The resulting mist was allowed to grow for 1.5 minutes and was 


sampled downstream at about 0.4 c.f.m. for four minutes by a series combination 
of four impactors of the second type and a filter. The amount of aerosol material 
collected on each stage and in the filter was weighed, and the average droplet con- 
centration was determined by washing the cups and titrating the wash solution with 


standard O.O1-N sodium hydroxide. No distribution of the concentration could be 
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noted, and an average concentration of 44% H2SO, was obtained. Table 2 shows 
the results of such a determination, and Figure 5 is a graphical representation of the 
apparent size distribution. 


COMMENT ON THE USE OF IMPACTORS FOR PARTICLE-SIZE MEASUREMENT 


1. Comparison with the Results of May* and Laskin®,—Table 3 shows the 
characteristic diameters to be used in applying May’s impactor to a determination 
of mass distribution of particle sizes. These characteristic diameters were deter- 
mined by tedious microscopic analysis of impactor slides. The average value of 
the characteristic \/y from May’s characteristic diameters is 0.54, which is in much 
better agreement with the characteristic \/y from the present experimental curve 
than with that from May's experimental curve shown in Figure 5. The average 


Tas_e 3.—Characteristic Diameters from Microscopic Analysis of Impactor Slides 


Determined by May *: pp = 1.0 gm. mass/cu. em. (atomized sprays) 
x lo-* gm. mass, cm. see. 
Dy 1 to 20 & em. 


Stage Vo, Cm. See. De, Cm. O, Cm. 106* Characteristic y ¥ 
220 0.70 14.5 0.45 
Bev 1,020 0.20 40 0.51 
2, 0.10 25 0.65 


Determined by Laskin 5: pp = 10.9 gm. mass/eu. em. (UO2 dust) 
D» in mieron and submicron range 


Stage vo, Cm. See De, Cm. D, Cm.  1lo* Characteristie 
176 0.70 1,66 O17 
815 0.20 OST 0.35 


OA9 
2,720 0.60 0.35 0.52 


value of the characteristic \/y from Laskin’s characteristic diameters is 0.38. How- 
ever, there is a definite trend toward a higher value of about 0.5 for smaller particles. 

2. Validity of the Characteristic-Diameter Concept.—The ratio of the actual 
cumulative-weight-distribution fraction to the fraction of the total weight of the 


aerosol escaping collection in an impactor operating at the characteristic \ y for 
the particle diameter in question can be obtained mathematically when the relation- 


ship between » and \/y and the size-distribution function are known. 

To demonstrate how this ratio varies from the ideal value of unity when there is 
a varying efficiency for a range of particle sizes, the following assumptions were 
made as a specific example : 


For the efficiency curve: 


n—0 for 0< V¥ < 031. 
: n=(V ¥—0.31) /0.52 for 0.31 << V ¥< 0283. 
a= 1 for 083 V¥ < 00. 
For the operation of the impactor: V¥—0.57 when D, = characteristic diameter. 
For the size distribution: a log-probability size distribution with a mass median diameter of 


1.00 micron and a geometric mean deviation of 2.00. 
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Values of the ratio for the assumed form of the efficiency curve and for various 
values of particle diameter are given in Table 4. 

Since the actual efficiency curve has an S-shape and the separation is sharper 
than the example allows, errors calculated for Table 4 are exaggerated. However, 
even the errors given in the table show but a negligible change in the appearance 
of a normal log-probability plot of particle diameter vs. cumulative weight per cent. 

The characteristic-diameter concept is valid when the size-distribution function 
is nearly constant in a range of sizes near the characteristic diameter. From Figure 
3 it can be estimated that the range of size over which the size-distribution function 
should be nearly constant is about one-third the value of the characteristic diameter. 
Because of this range of partial impaction, impactors operating in series should have 
characteristic diameters separated in such a way that no serious overlapping of 
impaction ranges takes place. For accuracy, impactors in parallel should be used. 

For impactors operating as single units, in series, or in parallel, the choice of 
a characteristic \/y for all stages, rather than a characteristic diameter for each 
stage, should lead to more consistent results. .\ choice of a standard value for the 
characteristic \ y could represent a standard basis for reporting particle-size distri- 
butions 


Tarte 4.—l'alues of the Ratio for the Assumed Form of the FE ficiency Curve 
and for Various Particle Diameters 


Ratio of Cumulative 
Weight Fraction to 
Particle Diameter Weight Fraction Particle Diameter, 
Microns Escaping Impaction Mierons 


Ratio of Cumulative 
Weight Fraction to 
Weight Fraction 
Fseaping Impaction 


1.03 


0.065 200 104 
4.00 1.01 
1.04 


SUMMARY 


Theoretical calculations and experimental results have shown that air-borne 
particles can be separated into two classes by an aerosol jet impinging on a flat 
plate. With a given set of operating conditions for a jet impactor, this classification 
occurs approximately for the product of the square root of the particle density 
times an ettective particle diameter. Larger and heavier particles are thrown onto 
a collecting surface in front of the jet, while smaller and lighter particles escape 
iupaction. The separation is sharp since there exists a minimum and a maximum 
value of the product and only a narrow range of values over which partial impaction 
Occurs 

Information on the jet impactor phenomenon can be usefully applied to the 
design and operation of impingement separators and to the development of instru- 
ments for determining particle-size distributions. Analogous systems could be used 
to classify powders in the micron range of size where other types of classifiers fail. 

The use of laboratory jet impactors for determining the particle-size distribu- 
tions of ammonium chloride and sulfuric acid aerosols has been demonstrated. 


The cumulative weight distribution, showing a median diameter and some idea of 


the spread of the particle sizes, can be obtained rapidly whenever the sampled aero- 
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sol is of a particular chemical and physical composition. Such analyses may be 
selective for a given type of aerosol and are dependent only on the concept of a 
characteristic diameter for an impactor stage operating under a given set of 
conditions. The validity of the characteristic-diameter concept has been discussed, 
and particle-size analyses are believed to be valid whenever the size-distribution 
function is nearly constant in the region of the characteristic diameter. 

This work has been carried out in the Engineering Experiment Station of the University 
of Illinois as part of a contract for aerosol studies, Contract No. AT (30-3)-28, United States 


Atomic Energy Commission, Dr. H. F. Johnstone, technical director. Detailed descriptions 


of the two laboratory impactors, used to establish calibration curves and to determine size dis- 
tributions, and the theory of their operation are available as Technical Report No. 4, SO-1005, 
Technical Information Service, United States Atomic Energy Commission, Oak Ridge, Tenn. 
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PROBLEM OF ASTHMA IN_ INDUSTRY 


W. C. SPAIN, M.D. 
AND 
Vv. J. FONTANA, MD. 
NEW YORK 


N OUTSTANDING characteristic of bronchial asthma is the fact that it is an 
expression of the protest made by the body against harmful environmental 
factors whether these are inhaled, ingested, or infective in origin. Bronchial asthma 


of the occupational type differs from other types not in the incidence, the mechanism, 


or the type of symptoms but in the nature of the eliciting agents and in the severity 


and tenacity of symptoms due to intimate overwhelming contact in confined areas of 
shop or factory. The incidence of bronchial asthma in industry, including the cases 
too mild to be reportable, is considered to be about 5%, the same as in the general 
population. Occupational asthma is often found associated with nonoccupational 
asthina. Among the several forms of occupational allergy, bronchial asthma, there- 
fore, with its associated condition, allergic coryza, ranks high in importance, these 


conditions accounting for a great amount of the time lost from industry through 
occupational ailments. 


Phe actual importance of bronchial asthma as a health problem of industry has : 


not vet been fully realized. Gafafer, Frasier, and Sitgreaves ' have collected infor- 
mation which indicates that it is quite appreciable. This is contained in a duration 


table for specific causes of disability among male workers, based on eight-day or 


longer absences reported by 17 industrial sick-benefit: organizations during the 


seven vears 1940 to 1946 and representing nearly a half million male-vears of 


membership. The days per absence from work (mean) for all ages and for all 


causes (typhoid, undulant fever, scarlet fever, pertussis, tuberculosis, influenza, 
cancer, ete.) was 38.3, whereas for bronchial asthma, asthmatic bronchitis, and hay 


lever, it was 560.4. The Division of Industrial Hygiene and Safety Standards of the 
New York State Department of Labor, in May, 1951, presented a table of the 


experiences of a public utility company during the four-year period 1947-1950, 
inclusive, in regard to allergic respiratory diseases. The annual number of males 


absent three work days or longer because of bronchial asthma or asthmatic bron- 
chitis was 4.89 for each 1,000 employees; the annual number of days lost was 63.49 
per 1,000 employees, an average of 13.32 days per case. There was a total of 443 
employees who lost 5,752 days of work. 


Presented at the American Academy of Compensation Medicine, New York, Oct. 22, 1951. 

Krom the Department of Medicine, New York University Post-Graduate Medical School, 
and the Medical Service, University Hospital 

1. Gatafer, W. M.; Frasier, FE. S., and Sitereaves, R.: Studies on the Duration of Disabling 
Sickness: Duration Table for Specific Causes of Disability Among Male Workers, Pub. Health 
Rep. (Reprint No. 2873) 63:901 (July) 1948 
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Such informative and excellently prepared data as those just quoted are, unfor- 
tunately, rarely available, since so many physicians are unfamiliar with the problem. 
Mayers,* chief of the Medical Unit of the Division of Industrial Hygiene and Safety 
Standards, New York State Department of Labor, has well described the situation. 

Reliable statistical data with reference to the incidence of bronchial asthma in industry is 
not available at the present time, any more than it is available for occupational diseases generally. 
The data available in New York State is founded essentially on claims made for Workmen's 
Compensation and awards made by Reterees 

3ronchial asthma may be caused by a variety of industrial allergens with which the medical 
profession is unfamiliar. These cases are never reported, therefore, and no claims are filed 
with the Workmen's Compensation Board. Or, in the case of better known allergens in industry, 
it may not occur to the physician to consider this possibility in a particular patient, and no 
investigation is made of the occupational exposure. These cases are also lost to statistics 

On the other hand, there are cases in which an industrial etiology is suspected and a compen- 
sation claim filed, but the case is disallowed by the Reteree because insufficient medical evidence 
has been presented to establish a causal relation. Then, there are cases where an award is made 
for compensation because the medical evidence presented appears to be adequate to establish a 
causal relation but where nevertheless the case has never been adequately worked up and the 
precise allergen responsible has not been discovered 

There can be no reliable data in this field until the medical profession is better educated in 
(1) the recognition and diagnosis of occupational diseases, including bronchial asthma of occupa- 
tional origin, (2) the diagnostic techniques required for purposes of differential diagnosis 
respecting similar nonoccupational conditions, and (3) compensation practice, so that the case 
is properly worked up for presentation to the Referee. A patient suffering from an occupational 
disease will not be awarded compensation unless medical evidence is available to prove that 
he has this disease. 


The worker inhales dusts, fine particulate matter, both inorganic and organic, 
and various fumes and odors that emanate from the different materials encountered 
in his daily routine. The ever-increasing industrial pursuits of modern times are 
adding to the occurrence of bronchial asthma and allergic coryza. 

The industrial types of bronchial asthma may be classified according to the 
etiological factors in the same manner as the nonoccupational types. 

(a) In the first group, which presents the most common type, the symptoms are 
due to inhaled substances, such as dusts, organic and inorganic particles, foods from 
which dust particles originate, foods with allergenic odors, and chemical fumes or 
gases. 

(hb) In the second group the symptoms are due to foods ingested. This type is 
rare in industry but is found in such individuals as tea and coffee tasters. 

(c) In the third group the symptoms are due to substances absorbed through 
the unbroken skin, such as essential oils contained in the cosmetics used by barbers 
and workers in beauty shops. This is an uncommon type. 

(d) In the fourth group the symptoms are due to infection, as evident in 
“asthmatic bronchitis.” This is often a secondary factor. 

Rarely does asthma develop from the industrial worker's initial contact with an 
allergen. More commonly there is an incubation period of months or even of years 
before any respiratory symptoms appear. Coryza is often the antecedent of bron- 
chial asthma, and in the case of dye workers dermatitis may precede the respiratory 


symptoms. 


2. Mayers, M. R.: Personal communication to the author. 
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The principal manifestations produced these allergic conditions of the 
respiratory tract are coryza, asthma, or both. The symptoms of coryza may precede 


or follow the attacks of asthma, or the nasal symptoms may be present in varying 


degrees without asthmatic manifestation. Mild cough or slight dyspnea during 


working hours may be the prodromal symptoms. Later they may become so severe 


that the patient may find it impossible to continue his particular duties. 


The occupations that can initiate the above symptoms are quite numerous and 


quite varied but they usually share the prerequisite of subjecting the workers to 


air-borne excitants of industrial origin. Although the excitants characteristic of 


any occupation do not present a hazard to the majority of workers exposed to 


them, they ultimately become a hazard to that small number of individuals who have 


an allergic predisposition, a capacity to become sensitized, which has been influenced 
by imbherited tendencies. 


Many types of workers are subjected to the industrial hazard of bronchial 


asthma. Those most often affected in this respect are furriers, hat makers, rag 


sorters, barbers, workers in beauty shops, and groups who work with grains and 


) grain dusts, such as bakers and millers. Occupational diseases caused by flour 


dust, discussed by Ramazzini as early as 1700, have not lost in the course of cen- 


turies their significance in the bakers’, millers’, and grain dealers’ trades. Bakers 


come into intimate contact with flour by inhalation, and in those who are allergic 


there may develop a sensitivity to wheat, rye, buckwheat, and corn. The percentage 


of bakers or millers that will show sensitivity to the flour dust ranges between 


Hand 150%. The percentage is much greater than any found for other types of 
respiratory allergy im industry. Linko* found that of 328 workers in bread fac- 


tories, 66 gave clinical evidence of being sensitive to wheat flour. Of these, 33 had 


pronounced coryza, 7 had slighter coryza, 20 had coryza and asthma, and 6 had 


asthma. Thus, a total of 66 persons had allergic respiratory symptoms. This high 


incidence possibly may be explained by the circumstance that the mucous membranes 


of the nose are subjected more continuously and excessively to flour dust and there- 


fore become more readily sensitized. The relatively rare appearance of bronchial 


asthma in Linko’s cases may be due partly to the fact that persons afflicted with 


coryza due to wheat-flour sensitization heeded the warning and transferred them- 


selves to other occupations at a very early age before the onset of asthma. In these 


cases of flour sensitivity, positive skin reactions may be elicited by means of the 


intracutaneous method, an extract of the offending agent being used. 


The furrier may become sensitive to the fur itself, the extract of which usually 


gives a positive reaction upon skin test in the person affected. In these cases 


the fur is usually of the undyed variety. This type of sensitization 1s comparable 


to that which occurs in the individual who is reactive to horse, dog, or cat danders. 


Insecticides used in the fur trade may cause bronchial asthma or coryza upon 


inhalation. .\ positive response may often be demonstrated in sensitive individuals 


upon intradermal test with the extracts of these substances, which may be composed 


at least partly of organic materials. Dye substances of inorganic origin, chiefly 


paraphenyvlenediamine, the most commonly used in the dye industry, and chimon- 


dimin, an incomplete oxidation product resulting from the reaction of hydrogen 


3. Linko, F On Allergic Rhinitis and Bronchial Asthma in Bakers, J. Indust. Hyg. & 
Toxicol, 30:5 (Jan.) 1948 
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peroxide and ursol, do not lend themselves to intradermal testing. The importance 
of dyes as sensitizing agents, causing bronchial asthma and coryza among furriers, 
has been known for many years. Curschmann,* in 1921, presented six cases of 
ursol poisoning. He stated that the allergen was not the ursol, but its oxidation 
product, chimondiumin. He further stated that the symptoms were due to hyper- 
sensitivity. 

When a sensitization is found to be due to the undyed fur or fur particles, 
specific injection procedures may be safely attempted. .\ satisfactory degree of 
immunity may result, depending upon the degree to which the patient is sensitive to 
the fur or fur dusts and the degree of exposure. It is both futile and dangerous to 
attempt to develop specific tolerance by injection procedures with insecticides or 
dyes. [-tforts must be made to shift the worker to a part of the plant where contact 
with the disturbing factor can be largely avoided. 

The most common causes of the respiratory allergic responses of beauty parlor 
workers are the powders and rouges that contain ground orris root or rice powder, 
the henna of hair dyes, the essential oils such as bergamot, and vegetable gums and 
jellies used in setting fluids, such as quince seed, tragacanth, and karava. Where 
orris or rice powder is the eliciting agent a satisfactory degree of immunity may be 
achieved by specific injection therapy. 

Hat makers may become sensitive to the material used in the making of felt, 
especially the rabbit fur. The bleaching agents, such as banana oil and oxalic acid, 
are also secondary offending agents in this occupation. Protection can rarely be 
accomplished through injection therapy with specific rabbit epithelium extract ; 
lack of success is due usually to the overwhelming degree of exposure. 

Rag and rug sorters may be sensitive to the particles of linen, wool, cotton, 
or silk of the materials they handle, which become components of the dusts present 
in their shops or factories. Injection therapy is rarely suzcesstul, but may be 
attempted with extracts of the pertinent dusts. 

Respiratory allergic conditions of occupational origin are found also in the 
bedding- and furniture-manufacturing industry, where workers come in contact 
with hair of various types of animals (horse, goat, cow, rabbit), feathers, cotton, 
kapok, flax, glue, and wood dust. In the food-processing and food-distributing 
industry, canners, warehouse workers, and grocers may be atfected by the many 
dusts that emanate from such products as coffee, tea, cocoa, spices, and cereals. 
Veterinarians, farmers, pet-shop workers, dog- and cat-food salesmen, and handlers 
of laboratory animals may have asthma due to close and unavoidable contact with 
various danders. Farmers, foresters, tree surgeons, nurserymen, florists, and 
gardeners are necessarily exposed to plants which are responsible for occupational 
types of pollen asthma. Brewers and salesmen handling hops are at times rendered 
asthmatic by this substance. Unger® has prepared an excellent table of the 
many forms of occupational asthma. 


4. Curschmann, H.: Klinisches und Experimentelles tiber das anaphylaktische Bronchial- 
asthma der Fellfarber, Munchen. med. Wehnschr. 68:195 (Feb.) 1921. 

5. Unger, L.: Bronchial Asthma, Fd. 1, Springfield, [1., Charles C Thomas, Publisher, 1945, 
p. 201. 
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\s im other respiratory types of allergy, in which the causes are air-borne, 
positive skin reactions are usually obtained when the causative agent of the occupa- 
tional allergy is a protein substance. Chemicals and drugs, however, except 
those of a protein nature, although they may be the eliciting agents of bronchial 
asthma and allergic coryza, do not produce a positive finding by intracutaneous 
test. It is of importance to remember that such a test made with a chemical or a 
drug is not without danger in an allergic individual, since the risk of a general reac- 
tion is always present. 

The individual placed in the vicinity of the allergen to which he is sensitive 
nay present symptoms through no fault of his own and through no negligence on 
the part of the employer. The symptoms are purely spontaneous, and little, if 
anything, can be done to anticipate their appearance. With this in mind, the 
Society for the Study of Asthma and Allied Conditions,” after having completed 
a careful study of occupational asthma, stated that the majority of sufferers 
will fall into one of the following categories: 

Category A, in which “the allergic person becomes sensitive to an allergen which he encounters 
only in the pursuit of his occupation, thus making it impossible for him to pursue his occupation.” 
Injection treatment is of relatively little value in this group because contact with the allergen 
in industry is usually excessively great. The individuals in this category are few and are usually 


compensated for their illness \n example in this group would be a wheat-sensitive miller or 
baker 


Category B, in which “the allergic person becomes sensitive to an allergen encountered in 
large quantities in his occupation but encountered in less quantities outside.” Here the damage 
is greater than in “A" because the symptoms may persist for years after the subject finds 
other employment Phe question of compensation in this group is a difficult one to answer. 
The bedding maker who works with feathers is an example of a hypersensitive individual in 

Category C, in which “the allergic person becomes sensitive to an allergen largely encountered 
outside his cecupation, but present also at work.” Ninety-five per cent of the occupational 
isthmatics will fall into this group, and they are usually not compensated for their illness. 
In this group the occupation is at most only a contributory cause of the asthma, and, therefore, 
the employer is not usually held responsible for future treatment The vacuum-cleaner 
demonstrator or salesman, allergic to house dust, is an example in this group 

Category 1), in which “an allergic person becomes sensitive to substances never encountered 
in tus occupations.” This person is not compensable 


The four above-mentioned situations may be further complicated by nervous 
factors, resulting from fright, fear of accidents, or unpleasant surroundings. The 
extent of the influence which these secondary factors exert on the allergic con- 
dition is variable and often debatable. In contrast, the significance of respiratory 
infections, both acute and chronic, is well recognized. The above classification, 
therefore, must be considered in the light of these influencing factors, especially 
in decisions concerning compensation of the worker. Little need be said about 
workman's compensation as related to asthma, because the legislative bodies in the 
several states have rendered many diversified decisions, owing to the frequently 
vague nature of the allergic complaint and to the inadequate evidence presented 
by the investigating physician. 


6 Report of the Committee on Occupational Asthma, F. H. Westcott, chairman, The 
Society for the Study of Asthma and Allied Conditions: Unpublished proceedings. 


aa 

q 

| 
| 
| 

} 

: 


SPAIN-FONTANA—ASTHMA INDUSTRY 483 


Where occupational asthma is not diagnosed and treated properly the usual 
complications of allergic respiratory diseases, including emphysema, may be found. 
The most common sequelae of asthma are bronchitis, acute and chronic bron- 
chiectasis, and rarely pneumothorax. 

The diagnosis depends largely upon a carefully obtained history, complete in 
detail. The following questions are helpful in evaluating the environmental 
influence. Did the asthmatic condition precede the acceptance of the job? Do 
the attacks occur only at work, and, if so, are they continuous or paroxysmal? Do 
the attacks disappear altogether when the patient is away from his work, for a period 
of days or weeks? Do the attacks recur within a few days of his return to work 
after a symptom-free absence ? 

It is necessary to learn of contacts with eliciting agents characteristic of the 
occupation involved, as well as of those common to everyday living. The source of 
contact with the specific allergen must be found wherever possible, the distinction 
between occupational and nonoceupational asthma usually depending upon such 
information. It must be established as clearly as possible whether contacts with 
otfending agents occur only at work, both at work and in nonoccupational sur- 
roundings, or solely in nonoceupational surroundings. 

The diagnostic skin-testing procedure, preferably the intracutaneous method, 
should be employed to verify the importance of factors suspected because of the 
history and to search out undetermined causes. Whenever obtainable, fabrics, 
furs, or other organic materials should be submitted for inspection and for possible 
processing into aqueous extracts, to be employed, with precautions regarding proper 
testing potencies, for intracutaneous testing of the patient. For instance, the 
worker in whom asthma developed while he was employed in handling rabbit 
fur in a hat factory may be tested with an extract of the dust from the factory. 
I-xtreme caution must be exercised, as stressed, in selecting a high-enough dilution, 
since severe constitutional reactions readily follow overdosage in testing in such 
cases. As stated, drugs, dyes, chemicals, fumes, or odors do not lend themselves 
to such testing procedures. Where positive intracutaneous reactions are obtained, 
any nonspecificity of the tests must be ruled out by making control skin tests with 
the suspected extract upon five or more normal individuals. 

In specific treatment, the first and most important step is to break the contact 
between the patient and the specific cause or causes established by diagnosis. This 
principle is of greatest importance in occupational asthma. Industry has become 
well aware of this, as shown by its efforts in supplying improved ventilation, isolat- 
ing or preventing dusty processes, installing air-conditioning and exhaust systems, 
and improving its plans and designs for plant and factory structures. Wet 
methods of work are often practical, which have as their object the suppression 
of dust at its origin, the removal of dust from the air after it has escaped from its 
source, and the prevention of its redispersion. 

If complete avoidance of the air-borne allergen in the occupational environ- 
ment cannot be effected, a special protective mask may be worn over the nose 
and mouth, although many consider it uncomfortable and inconvenient. 

Where elimination of the specific allergen or avoidance of contact is incomplete or 
cannot be satisfactorily achieved, methods of immunization may be attempted, as 
described, but rarely are they successiul, owing to the continued uninterrupted 
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exposure of the patient who is closely confined in shop or factory. Such an indi- 


vidual rarely loses his asthmatic condition until he is removed completely and 


permanently from his occupation. It is impossible, as a rule, to interrupt the 
contact of patient and cause by removing the cause; it is necessary to remove the 
patient to other, less irritating surroundings or occupations. 

The nonspecific or symptomatic treatment of occupational asthma differs in no 
wise from that of other types. Since occupational asthma is usually of environ- 
mental origin, change in surroundings will usually bring relief and avert the 
severe, protracted symptoms characteristic of attacks due to pronounced food, drug, 
or bacterial allergy. One must rely upon vasoconstrictor drugs, ephedrine and 
epinephrine ; upon aminophyllin, a vasodilator ; upon expectorants, potassium and 
sodium iodide, and ammonium chloride; upon sedatives, codeine, “pantopon” (a 
mixture of the soluble chlorides of the total alkaloids of opium in their original 
proportions but with no inert material or resins), the barbiturates, and the bromides. 
Oxygen or oxygen-helium may be required in asthmatic crises. Dramatic relief 
may be obtained from the employment of steroid hormones, cortisone and cortico- 
tropin (ACTH). 

Mayers *? has emphasized that it is a common error to believe that occupational 
diseases present medical syndromes which somehow bear special diagnostic ear- 
marks suggestive of particular occupations, stating that actually this is very rarely 
the case. The same is true of occupational types of bronchial asthma. 

The allergic mechanism involved in occupational asthma is identical with that in 
other types. The eliciting agents may differ in nature and in their greater degree 
of concentration. The methods of diagnosis and treatment, specific and non- 
specific, are similar to those of other types; immunizing procedures are less often 
successful, the control of symptoms depending usually upon the patient's being 
removed from his occupational environment. 


7. Mayers, M. R Some Diagnostic Problems in Occupational Diseases, Month. Rev. 
New York State Dept. of Labor 25:(n.p.) July 1, 1946. 
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A COMPARISON OF WORKING AND NONWORKING 
CARDIAC PATIENTS 


LEONARD J. GOLDWATER, M.D. 
LEWIS H. BRONSTEIN, M.D. 


BEATRICE KRESKY, M.D. 
AND 


The Staff of the Work Classification Unit, Adult Cardiac Clinic, Third (New York University) 
Medical Division, Bellevue Hospital 


NEW YORK 


{ AutHors’ Note.—This report is the fourth of a series to be published by the Staff of the 
Work Classification Unit, Adult Cardiac Clinic, Third (New York University) Medical Division, 
Bellevue Hospital, New York. The following members of the staff have contributed to the 
work which forms the basis for the reports: Drs. Leonard J. Goldwater (chief of unit), Lewis 
H. Bronstein (associate chief of unit), Herman J. Bennett, Anthony Brittis, Doris Escher, 
Sigmund Falk, Beatrice Kresky (director of research), Otakar Machek, Sol Parent, Samuel S. 
Sverdlik, Meyer Texon, Gerald Weinberger, Jean E. Wolfson, Henry A. Sampson; Miss Martha 
Ashcraft (administrator), Miss Lois Mills (research assistant), Mrs. Gladys Nunn (vocational 
counsellor). Consultation service was provided by Dr. Charles E. Kossmann (chief of clinic) 
and Dr. Adolph R. Berger (associate chief of clinic).| 

N PREVIOUS reports on the employability of patients with heart disease, 

analyses were presented of the occupational status of groups of cardiac clinic 
patients at a fixed point of time,’ and of the course of heart disease in a group of 
cardiac clinic patients who had worked over a period of years. 

In‘the Jatter study 'no attempt was made to compare the characteristics of the 
group that continued to work with those of the group that remained unemployed, 
nor Was a comparison made of the course of heart disease in the two groups. The 
present paper represents an etfort to make this comparison and consequently may be 
considered as supplementary to the earlier report. 

This study, as were the previous ones, is based on the use of clinic records 
supplemented by personal interviews with the patients. The sample, by its nature, 
is limited to those patients who survived and who continued to attend clinic regu- 
larly. Because of this, the findings cannot be considered representative of all 
patients with heart disease. 


This study was aided by a grant from the New York Heart Association 


From the Adult Cardiac Clinic, Third (New York University) Medical Division, 


Jellevue 
Hospital. 


1. An Occupational Analysis of 580 Cardiac Clinic Patients, published by the Staff of the 
Work Classification Unit, Adult Cardiac Clinic, Third (New York University) Medical 
Division, Bellevue Hosiptal, New York: Circulation 3:289 (Feb.) 1951 

2. The Effects of Employment on the Course of Heart Disease, published by the Staff of 
the Work Classification Unit, Adult Cardiac Clinic, Third (New York University) Medical 


Division, Bellevue Hospital, New York: A. M. A. Arch. Indust. Hyg. 3:367-374 (April) 1951 
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The patients whose records were studied comprised the “active case load” of 
the adult cardiac clinics at Bellevue and Lenox Hill hospitals in New York City 
during the year 1949, The composition of the group, the occupational status, the 
length of time working, and the course of heart disease in those patients who were 
working have been described in previous publications.’ 

Of the entire series of 580 clinic patients, 469 (81%) engaged in some form 
of useful employment following the discovery of heart disease, while the remaining 
111 (19%) had stopped working entirely. As was pointed out in a previous 
report,’ those who worked had done so for the greater part of the time that had 
elapsed since heart disease was discovered. A series of tables has been prepared 
to bring out certain comparisons between those who did and those who did not 
work, 


Tasie 1.—<Age at Diagnosis of Heart Disease and Subsequent Work History of 580 Patients 


Total Worked Never Worked 


Age at Diagnosis No. Per Cent No. Per Cent ; No. Per Cent 


Under 35 100 2 1 
35-4 ‘ 185 100 160 25 
and over....... 237 100 153 65 85 
19 


All ages 


Taste 2.—Work History in Relation to Duration of Heart Disease of 580 Patients 


Total Worked Never Worked 
Years Heart Disease Known No. Per Cent No. Per Cent No. Per Cent 
Under 5 vane iannbbkehesda0s 278 100 208 73 75 27 
10-14 100 83 10 11 
15 and over... 100 97 


Total 100) 111 19 


RESULTS 


-lge~Vable 1 shows the age at diagnosis of heart disease. Patients in this 
series who were over age 55 when heart disease was first diagnosed were more 
apt to stop work than were younger patients. Practically all individuals under age 
35 when heart disease was discovered continued working or resumed some form of 
occupational activity. Even in the older age group, however, a majority of the 
patients remained employed following the discovery of heart disease. 

Duration of Heart Disease-—Table 2 shows the duration of heart disease and 
the work history. Perhaps the most significant feature brought out by this table 
is the fact that of those who had not continued working or who had not returned 
to work, the great majority (75 out of 111) were those whose heart disease had 
been known less than five years. In other words, it would appear that if an indi- 
vidual with heart disease survives for more than five years following discovery of 
the disease, there is a strong possibility of his being able to resume useful employ- 
ment and of his actually doing so. 


3. Footnotes 1 and 2. 
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Occupation —Table 3 analyzes the usual occupation in relation to work history. 
Most of the patients who continued working were engaged in “white collar,” domes- 
tic, or unskilled work. Those in domestic work were chiefly women doing their own 
household work. Those individuals who ceased working had been, in the main, 
unskilled laborers and domestics employed by others, occupations which, as a rule, 
require the greatest amount of physical effort. 

Functional Capacity—For purposes of this study the functional capacity is 


expressed in terms of the classification of the New York Heart Association.‘ Table 


Tasie 3.—U sual Occupation and Work History of 580 Patients with Heart Disease 


Total Patients Patients 
Usual Occupational No. of Who Who Never 
Classification * Patients Worked Worked 


161 
47 
Constantly changing classifieation............. 21 21 0 


0 professional or self-employed person; 1 student, clerical employee, or salesman; 2 self-employed, 
domestic; 4 skilled worker; 5 semiskilled worker, and 6 unskilled worker or domestic employed by 
others. 


TaBLe 4.—Functional Classification at Discovery of Heart Disease and Subsequent 
Work History of 580 Patients 


Total Worked Never Worked 


No. 


Per Cent Per Cent > Per Cent 


117 109 113 97 4 3 
252 10g 213 a 85 3y 15 
100 


* Functional classification (degree of cardiae disability) 
Class 1. Ordinary physical activity does not cause diseomfort. 


Class Ordinary physical activity causes slight discomfort. 


Class 3. Ordinary physical activity causes marked discomfort 


Class This group is unable to earry on any physical activity without discomfort. 


4+ compares the working and the nonworking group in respect to functional capacity 
of the heart at the time of diagnosis. Of those patients having the more favorable 
functional classification, practically all continued in employed status. A_ striking 
point is the fact that as many as 62% of those with a functional classification of 
3 and 4+ were able to perform some type of useful occupational activity. 

Change in Cardiac Status—Table 5 compares the change in the functional 
and therapeutic classification over a period of years in the employed and the 
unemployed group. The functional capacity is the patient’s own appraisal of his 

4. Nomenclature and Criteria for Diagnosis of Diseases of the Heart, published by the 
New York Heart Association, Criteria Committee, New York, 1940. 
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ability to perform physical activity and the therapeutic classification is the physi- 
cian’s prescription for the amount of physical activity.’ 

Employment did not appear to cause any deterioration in functional and thera- 
peutic classification, there being no change in about half the patients in both the 
working and the nonworking group during the years they attended clinic. The 
functional and therapeutic classification became worse in 25% of the employed 
patients, compared with 29% of those who remained unemployed. In the latter 
group, the older individuals showed the greatest diminution of cardiac capacity, 
suggesting that age rather than employment may be the determining factor in the 
progression of heart disease in this series. 

Of the 580 patients studied, 179 suffered a cardiovascular episode such as acute 
rheumatic fever, myocardial infarction, congestive heart failure, or a cerebral acci- 
dent at some point of time after the initial diagnosis of heart disease. The frequency 
of occurrence of cardiovascular episodes was quite similar in both the employed 
and the unemployed group: 30 as compared with 34%. 

Among the employed, as stated earlier, a majority worked the greater part of 
the time which had elapsed since heart disease was discovered. Of the 469 employed 


Taste 5.—Change in Functional and Therapeutic Classification by Age 
and Work History of 580 Patients 


Percentage Distribution 


Worked Never Worked 
Functional and Therapeutic Functional and Therapeutic 
Classifleation Classifleation 
Age in 19 Same Improved Worse Total Same Improved Worse Total 
Under 35 28 Wh loo 0 0 loo 
4 62 1) 63 12 25 1m) 
and over 23 low l4 31 100 


All awes 1) 57 14 10 


patients, however, 6% (27 cases) worked for only a brief period of time after 
heart disease was diagnosed. Analysis of this group of 27 patients shows that over 
half had experienced attacks of congestive failure or myocardial infarction with a 
marked diminution of cardiac capacity which necessitated permanent work stoppage. 
It is worthy of comment that an untoward episode occurred in such a small pro- 
portion of the entire working group. 


SUMMARY 
In a group of 580 cardiac clinic patients whose cardiac lesions had been present 
from 5 to 15 years, 81% continued working and 19% stopped work permanently 


after heart disease was diagnosed. 


5. Therapeutic Classification (recommendations for physical activity ).4 
Class A. Physical activity need not be restricted. 
Class B. Ordinary physical activity need not be restricted, but the patient should be 
advised against unusually severe or competitive efforts. 
Class C. Ordinary physical activity should be moderately restricted, and more strenuous 
habitual efforts should be discontinued 


Class D. Ordinary physical activity should be greatly restricted. 


Class KE. Patients should be at complete rest, confined to bed or chair. 
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Ot the 469 patients who continued working, a great majority worked the entire 
period which had elapsed since heart disease was discovered. 

The individuals who did not work were considerably older and had had heart 
disease for a shorter period of time than those who continued working. 

The functional capacity of the heart at the time of diagnosis was diminished to 
a greater extent in the nonworking than in the working group. 

Many older individuals with moderate to severe diminution of cardiac reserve 
continued in employment. 

A majority of the nonworking group had previously been employed as domestics 
or unskilled laborers, a consideration suggesting that some of them might have 
continued working if their occupations had been more in keeping with their cardiac 
capacity. 

Changes in the functional and therapeutic classification were no more pro- 
nounced with the working than with the nonworking group. The proportion show- 
ing a progressive diminution of cardiac capacity was approximately the same in 
both groups. 

Cardiovascular episodes occurred no more frequently in the employed than in the 
unemployed group. 

Age and initial cardiac capacity appear to be the important factors determining 
whether an individual with heart disease continues working. 

There is no evidence in this study that continued employment has an adverse 
etfect on the course of heart disease. 
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Abstracts from Current Literature 


General 


ON RELATIVE TO WORKERS IN TH EMICAL INDUSTRY M. 


& Indust. §2:1146-1154 (Dee.) 1951. 
medical officer has a most difficult task in bri ig home to chemists, engineers, and 
agement the nature and the meaning of the subtle hazards of the chemical industry 
st have suthcient knowledge of the varied technical matters entering into the plant process 
the environmental conditions, as well as of purely medical matters 
In a chemical factory the worker is not only subject to normal physical stress but also to 
diverse and subtle physiological stress The understanding of methods of sampling and of 
quantitative analysis of the atmospheric concentration of toxic or potentially toxic gases, vapors, 
and tumes, and the knowledge of the maximum allowable concentrations of these poisonous 
gases are as important for him as the clinical knowledge of the chronic occupational diseases. 
In a chemical factory where toxic hazards are present, the medical examination of the 
emy lovee should includ special eXaniination of blo« | and cardiovascular conditions (including 
electrocardiography), chemical examination of urine and feces, cytological examination, skin 
sensitization tests, and tests for certain blood enzymes 
Ihe management must make positive efforts toward clean housekeeping; the safety instruc- 
tion should be couched in positive and imperative terms. Adequate amenities, relevant practical 
education regarding industrial processes, must also be given 
Satety appliances, which should be suitable and comfortable, must cover all physical principles 
ol preventive practice 
The chemical factory with toxic hazards has to consider special provision of food and drink 
which have a demonstrable or probable effect upon the ultimate result of the absorption of some 
toxic materials, such as the preventive effect ot milk in workers exposed to lead hazard, the 
susceptibility of workers with a fatty diet if exposed to trinitrotoluene (T. N. T.), an adequate 
protemm diet as a preventive against benzene and chlorinated hydrocarbon solvent. 
Che problem of dermatitis in a chemical industry is a serious one and must always be 
remembered K. P. MITRA, Joston. 
PruysicaL Mentat Heatru or Executives. Josern M. Trickett, Indust. Med. 21:5 


(Jan.) 1952 


Health check-ups for executives have been neglected in a time of growing awareness of 
he importance of such measures for the production worker. Recently, however, articles have 
appeared in such publications as Business Week, The New York Times, Fortune Magazine, 
and /ndustrial Medicme and Surgery which point to an increasing concern for the health of 
executives. Busmess Week suggests a voluntary, confidential, intensive examination of all 
executive levels in a company \s a result of such articles, the author sent a questionnaire to 
a number of San Francisco companies representing a wide variety of industrial types. He 
learned that most of the companies merely guessed at the health status of their executives. Of 
the companies that did examine the health of executives, most felt that healthier and happier 
management and personnel were the result. All but one company claimed that health and energy 

rtant to promotion All companies reported that emotional stability was considered 
promotion to executive position, but the evaluation was based on personal opinion only. 


company used any form of psychiatric examination , . 
CLEMENT YAuta, Boston. 


Carpiac IN INDUSTRY \ Symposium. Leonarp J. Gotpwater, ELizaBeTH 
Maroney, and Janer Pinner, Indust. Med. 21:75-79 (Feb.) 1952 


“Estimating the Work Capacity of the Cardiac 
“Responsibility of the Medical Social Worker.” 
‘The Person with Heart Disease Who Wants a Job.” 
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Mepicar INspectTion OF LABOUR AND INDUSTRIAL MEDICAL SERVICES IN FRANCE. JACQUES 


> 


Bovusser and Jean-Jacgues Gitton, Internat. Lab. Rev. 6:184 (Feb.) 1952 


Phe establishment some years ago of a general framework for the medical inspection of labor 


and the subsequent provisions requiring medical services to be set up in factories represent a 
great advance in the labor-protection legislation of France. Though it is too early to draw 


definite conclusions from an experiment that did not really begin until the Liberation, the reader 


may be interested to know how the legislation was conceived and what results have so far been 
achieved 
Che authors describe the two component parts of the structure (the medical inspectorate and 
the medical services), the events leading up to their creation, their respective tasks and the inter 
relation, their dealings with government departments, and the duties of the medical staffs 
Chere is much to be learned from this experiment, which is of interest to the industrial 


countries and also, perhaps, to the less-developed countries 


Occupational Diseases and Hazards 


STREPTOMYCIN TREATMENT FOR SILICOSIS ASSOCIATED wWitH TuBercULosts. F. LANG, 
Mitt. med. abt. Suva, No. 27, January, 1951 


There are few records in the literature of the value of streptomycin in the treatment. of 
silicosis associated with tuberculosis. Since many requests are still being made for the treatment 


in such cases, both by physicians and by patients, even when the condition is far advanced and 


indeed hopeless, the results of streptomycin treatment in 32 cases from the author's experience 
are here presented in tabular form. In 25 cases no beneficial effect of streptomycin could be 
claimed; in 7 there was some improvement, but in only 4 of these 7 was even partial working 
capacity restored, 

The author has as yet no sufficient experience of combining streptomycin with paraamino 
salicylic acid or other drugs in the treatment of patients with silicosis and tuberculosis to form a 
judgment of its value, but this method is to be studied 

M. E. Devarietp Hye.] 


SILICATOSIS OF A MICRONODULAR AMONG WoMEN EmplLoyep IN GLAZE SPRAYING 
oN Metar Osjects. F. M. Trotst, Indust. Med. 21:47 (Feb.) 1952 


In a factory where cookers are manufactured, among a group of women employed in glazing 
the iron parts of the cookers in a separate department where spraying, drying, brushing, and 
firing operations are performed, four cases of lung fibrosis of a reticular and micronodular type 


were found. 


These alterations of the lungs are to be referred to the inhalation of enamel dust released by 


spraying, drying, brushing, and firing processes, inasmuch as these women have worked only in 


that department in their occupational lives. The enamel employed al 


ways has been prepared in 
the factory in the same way for more than 20 years (and according to an original process of 
the firm), and the enamel dust of the spraying department constantly has shown, in analysis, 
free silica contents of only 1 to 2% in the mass of silicates 

rhe enamel, which is of the sanitary type, is prepared from quartz (259%), potassium feldspar 
(30%), natural cryolite (15%), tin oxide (4%), plastic clay (6%), borax (15%), and soda 
Solvay (59%), mixed and fused at a temperature near 1200 C. to form frit, which is crushed and 
ground to a required fineness and dispersed in water to be applied to the iron pieces by 
spraying. All these operations are performed in a department of the factery quite apart from 
the spraying department, where there is no possiblity of transfer of dust 

The occupational exposure of the women who presented lung fibrosis ranged from 5 to 
12 years. 

Inhalation of silicate dust is to be regarded as the cause of such cases of lung fibrosis. 


ADAPTATION OF AUTHOR'S SUMMARY. 
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Tur oF Acute RENAL FAILURE ASSOCIATED WITH TRAUMATIC AND 
INJURY RexaL Iscuemia. NEPHROTOXIC DAMAGE AND THE ISCHEMURIC EPISODE. 
lean Oriver, Murrer MacDowe tt and ANN Tracy, J. Clin. Invest. 30:1307 (Dec.) 1951. 


his article, which is Part I of two parts, consists of 143 pages published as supplement to 
the Journal of Clinical Investigation. It attempts a systematic analysis and reports studies on 
structural characteristics of the lesions in the human kidney. It should be of considerable interest 
industrial physicians and research workers because of its systematic treatment and the placing 


in perspective of the renal lesions from agents which may be encountered in industry. 


Wittarp Macute, Fort Lauderdale, Fla 


Sinicosts ENCOUNTERED AMONG AUTOMOBILE WorKERs. I. D. Factn and H. BALBEROR, 
1}. Michigan M. Soe 50: 1248 ( Nov.) 195] 


Phis is a report on 100 consecutive cases of silicosis involving autome bile workers in Detroit 
Vifty-two of the patients gave histories of mining exposure, but 79 received additional or sol: 
exposure in some branch of the automobile industry, such as foundries, body shops (metal 
polishing and finishing), machine shops where grinding is done, and in core making departments. 
In the 29 cases in which’ the patient had undergone two or more types of exposure, the 
commonest story was that the patient had worked in the coal mines and had then migrated 
to Detroit, to engage in foundry work. 

\t the time of examination 37 of the 100 patients were still employed in what was probably 
i silica atmosphere. Since it is often impossible to differentiate the fine nodulation of siderosis 
from that of early silicosis, it is possible that some patients with foundry exposure only who 
exhibit nodular fibrosis on roentgen examination may actually have siderosis. 

Ninety-one of the authors’ patients exhibited diffuse miliary nodulation or confluent nodulation 
in the lung fields and were therefore classified as having Stages 1 or 2 of silicosis, while the 
remaining ones presented massive fibrotic areas and/or very pronounced coalescent nodulation 
ind were classified as having Stage 3. Of the 91 patients, 39 had no symptoms related to silicosis 
or to its complications, and even more (66) exhibited no physical signs referable to pulmonary 
disease. Some of the patients with Stage 3 silicosis had no symptoms or physical findings 
whatsoever, indicating that even extensive pulmonary fibrosis sometimes may cause no demon- 
strable functional impairment. Only 16 patients knew, before being examined by the authors, 
that they had silicosis. The roentgenograms of 20 patients were considered to be compatible with 
-itlicotuberculosis 

Diagnosis, estimation of disability, and desirability of periodic examinations are discussed 
briefly 


“Expente —A Steer Towarps INTERNATIONAL AGREEMENT ON THE 
FICATION OF RADIOGRAPHS IN PNEUMOCONIOSIS \. L. Cocurane, L. Davies, and C. 
M. Frercner, Brit. J. Indust. Med. 8:244-255 (Oct.) 1951 


An attempt was made to compare the classification of radiographs used in the northern 
coal fields of France with that used by the Pneumoconiosis Research Unit in Britain, A large 
number of films were studied by both British and French experts, and a provisional classification 
was acineved It has been avreed to give this ¢ lassification a trial in various centers in England, 
France, Belgium, and Holland. Standard films have been selected and are kept at Cardiff, 
Wales, and Douai, France It will be necessary to have another set of these which can be 
sent to other workers to ensure correct use of the system 

his classification and the suggested international one are presented in detail. The Anglo- 
French system makes formal provision for the description of morphological types of simple 


B. H. Ampur, Cambridge, Mass. 


PNeumocontiosts IN Borer Scarers. H. E. Harpine and A. P. Masste, Brit. J. Indust. 
Med. 8:256-264 (Oct.) 1951 


An account is given of the pathological findings in eight boiler scalers. Four of these had 


pneumoconiosis of sufficient severity to produce disability and to be a factor in causing death. 


lwo had slight pneumoconiosis and two a negligible amount. The extent of the pneumoconiosis 
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was found to correspond fairly well with the length of employment. In the absence of tuber- 
culosis, disability was not produced by less than 30 years’ exposure. The type of pneumoconiosis 
observed in boiler scalers is essentially similar to that observed by Gaugh in coal workers trom 
South Wales. The authors conclude that there is sufficient evidence for including boiler scaling 
in the official list of occupations that involve a risk of pneumoconiosis 


B. H. Ampur, Cambridge, Mass 


Sinicosis THE and Cuina-Ciay INpustries. R. W. Tuomas, Lancet 21:133 
(Jan. 19) 1952. 


So far as is known, there have hitherto been no published accounts of silicosis occurring in 
the English china-clay and ball-clay industries 

This paper describes two cases of silicosis (one cgmplicated by tuberculosis) in these industries 

The findings are discussed with special reference to the possible danger to health resulting 
from inhalation of clay dust, not only during certain stages of production but also in other 
industries where the clays are used in powder torm 


DISEASES OF THE LUNG RESULTING FROM OccUPATIONAL Dusts Otner THAN SILICA 
KENNETH M. A. Perry, Thorax 2:91-120, 1947 


The author reviews the toxic and pathological effects of dusts containing Mn, Be, V, Os, 
Pt, As, Ba, Al, graphite, china clay, tale, sillimanite, mica, asbestos, and various organic 
materials. There are many reterences 


W. C. [Crem Apsr.] 


SiLicosts OF STONE CUTTERS IN SWITZERLAND Burr, Ztschr. Unfallmed. u. Benufkrankh 


43:No. 1, 1951. 


Burri studied silicosis of stome cutters because of the particular evolution of the disease in 
subjects who for a lifetime work with stone containing a large amount of quartz. The papet 
concerns 114 cases reported to the Suval in the vez 1932-1948. A study of 86 cases forms 
the basis of this report. 

The workers fell ill at an average age of 37.4 years, atter an average duration of exposure of 
38.7 years. They showed the symptoms common for the disease with the exception of 9 whos: 


condition was discovered in the course of systematic examination. The author considers also 


the question of compensation 


In 40% of the cases radiography showed round areas, well defined, situated in the upper 
pulmonary lobes, which are typical of silicosis in stone cutters. This radiological form cannot 
be related to any clinical or case-history basis 

As with silicosis from other causes, the silicosis of stone cutters is frequently complicated 
by tuberculosis (32.7% of the cases). Otherwise the development of the stone cutters’ disease 
follows the same course as other industrial silicoses, but with a striking slowness and benignness 
Statistics show in effect that the stone cutters reach an age greater than the average for the 
Swiss people. The author attributes this to the fact that they work most of the time outdoors ; 
in addition, the hand chisel causes the formation of particles of large diameter and, besides, 
requires only a small physical effort. 

Since the prognosis ot the disease ts relatively good, and most of the patients are already 
elderly when the disease is discovered, it is rarely necessary to prescribe a change of occupation 

Precautions are indispensable in the stone-cutting industry just as in other industries. The 
comparison of miners, foundry workers, and stone cutters respecting silicosis shows again that 
for stone cutters and foundry workers the prognosis is relatively good 


ETIENNE GRANDJEAN, Zurich, Switzerland 
DETERMINATION OF ANDROGENS IN THE URINE OF Stticotics. A. RAuLeE and R. GRISLER, 
Med. lavoro 42:337 (Novy.) 1951 


The level of the neutral 17-ketosteroids excreted in the urine was determined in 41 cases of 
silicosis ; in 23 cases hypoandrogenuria was found 
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According to the results of the Thorn test, in silicotics hypoandrogenuria may be considered 
a symptom ot adrenal cortex insufficiency. It may arise from specific causes, viz., hypo-oxemia 


uring effort, chrome fatigue, and perhaps a toxic action of silica. These causes would first 


ADAPTATION OF ENGLISH SUMMARY 


ANGIOCARDIOPNEUMOGRAPHY IN PULMONARY SILICOSIS \. Nunziante Cesaro, P. Fazzt, 

Mls and KF. Pozza, Med. lavoro 42:355 (De 195] 

\ngiocardiopneumographic studies made on 14 silicotics at various stages of evolution of the 
CUISCASE vided tl ! owing findings scanty morphological changes and alterations ot 
the blood vessels in the reticular stage; retarded circulation in the nodular stage, especially in 
the Jungs which showed intense perihifar nodulation; retarded arterial circulation and at times 


marked acceleration of the pulmonary arterial circulation, due to abnormal arteriovenous 


inaston in massive stheosis. The authors compare these data with the results of research 
revealit istological lesions of the pulmonary vessels, with a view to the interpretation of the 
patholeg t the circulatory impairment above referred t In conclusion the hypothesis ts 
idvanced that vascular lesions may constitute fundamental factors im causing respiratory 
mpairment m silicoti 


\DAPTATION OF ENGLISH SUMMARY 


Due ANGIOPNEUMOGRAPHIC STUDY OF THE Stinicotic LUNG Scarinct, Med. lavoro 


42:3 5 (Dec 195] 


It me cases of second- and third-stage silicosis the author has used the angiopneumographic 
method to show in vive the orgame vascular lesions, (mainly arterial) always present in silicotics, 


Which exert an undoubted effect on hematosis, and also to demonstrate circulatory impairment, 


permitting interpretation of functional clinical symptoms. In his opinion, in such cases angio- 
pneumographic investigation may usetully serve to complete data furnished by other methods 
in the study of pulmonary tunetior 


ADAPTATION OF ENGLISH SUMMARY. 


PATHOGENESIS OF EXPERIMENTAL LEUCOENCEPHALITIS FROM INHALATION OF SiLica Dust 
G. Gomirkato and A. Masorero, Med. lavoro 42:370 (Dec.) 195] 


lings in leucoencephalitis of rabbits resulting from inhalation of silica 


Phe authors report fine 
dust. They poimt out that their findings were achieved in the case of groups of rabbits exposed 
to the dust during two periods with an interval of one month’s rest. On the other hand, n 
results were obtained in the case of a control group subjected to uninterrupted treatment 

Other organs also, apart trom the central nervous system, especially the liver and the spleen, 
showed a picture which differed in the case of the control group from that of animals subjected 
to two periods of treatment. The authors therefore interpret the disseminated leucoencephalitis 
is of allergic origin, the disturbance taking the form of a diffuse reaction of the mesenchymal 
apparatus, which affects various organs (and hence also the central nervous system); this 


reaction is most evident in the arterial and venous capillary system 


PATHOLOGICAL ANATOMY OF SiLicosis. W. D1 Brasi, Beitr. Silikose-Forsch., 1949, No. 3. 


This 95-page report of pathological observations is based on nearly 9,000 necropsies made in 
cases of silicosis chiefly in the coal mining area of the Ruhr, and a survey of the whole field of 
silicosis. A comprehensive review of the paper would greatly exceed the space available and 
pomts are selected which seem to merit special attention 

\iter a short historical introduction comes the statement that carbon does not, in the author's 
opimion, cause any fibrotic lung change although it may accumulate in the lung. Silicosis is due 
to quartz, and the only other genuine pneumoconioses, i. e., lung disease due to dust inhalation, 
are asbestosis and aluminosis 

Before giving a description of the lung changes, the author discusses the technique of 
sectioning. He prefers to bisect the lungs by a smooth frontal cut and to apply formalin to the 


cut surtaces, thus hardening them before cutting several parallel slices. This technique gives a 
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good idea of all lung changes, and comparison with x 
les between 0.5 and 2 # are the chief hazard, but this is qualified to 


rav findings is facilitated. We tind the 


usual statement that party 


the effect that not the dust deposited in the alveoli but- the dust that passes into the lung tissue ts 
the 


ftten followed by bronchial excretion, is one of t 


the deciding factor. Alveolar phagocytosis, « 
of silicosis production the 


defence mechanisms of the organism and trom the point of view 
t epithelial origin 1s not important 


question whether the alveolar phagocytes are histiocytes or 
Whether dust phagocytosed in the alveoli can be transferred into the lung tissue or not cannot 


be decided by a study of tissue sections. Gardner and Simson and Strachan thought that it 


can be transferred and the idea is extended by the conception of Gardner and Policard that 


the dust (quartz) particles cause degeneration of the phagocytes, and that a given particle may 
dust cells. The German school, in contrast to this, thinks 


essively pass through a number of 


that the dust particles migrate chiefly free, and not inside dust cells, into the pulmonary tissues 


The author thinks that this problem is not yet solved but that animal experiments tend t 


support the German view. Once inside the tissue, the dust is transported by lymphatic drainage, 
and here again it may be phagocytosed by mesenchymal cells. Accumulation may occur and lead 
to nodular deposits. The first of these tend to occur in small lymph nodes near the wall of 


terminal bronchioles. The South African autopsy material, which contains tar less coal, may be 
more favorable for examination of these early cha than the lungs of colliers from. the 


Ruhr. The author stresses the fact that the first accumulations of reticulin and collagen fibers 


middle of small lymphatic vessels and that at this stage early 


occur at the walls and not in the 
silicosis can be recognized by means of tissue sections only, not by radiography 


He then describes the development of primary nodules, which are characterized by a hyaline 


center and a growing zone of interstitial tissue rich in dust cells, the growth of the nodules, 
their agglomeration into larger units and finally into fibrotic masses and the corresponding 


x-rav appearances. Large contluent masses are chiefly found in the middle part of the lung, 
A 


because here conditions for dust deposition are most favorable \symmetrical developments, 
sometimes involving one-half of the lung only, are seen occasionally and are usually due to 
pleuritic adhesions which interfere with lymphatic drainage. Chemical analyses of lung tissue are 
briefly discussed. 

\fter the general description of the silicotic process, characteristics of different types of dust 
are discussed. High proportions of quartz cause sharply defined, discrete hyaline nodules with 
narrow rims of interstitial tissue and less tendency to coalesce The lower the proportions of 
quartz the wider are the rims of the nodules and there is more tendency for confluent masses 
to torm 

The next chapter is devoted to shrinkage and softening, followed by cavitation. Softening 
may occur in the absence of tuberculosis, especially with dusts low in quartz 

The author does not believe that dust exposure without slight silicotic changes can lead to 
chronic emphysema. Bronchitis is oiten associated with silicotic lung changes; it may also be 
produced by constant irritation due to dusts which do not produce silicosis, and he does not 


believe that siliceous dusts directly cause “primary” bronchitis. Pleural changes and adhesions 


are described in detail. They are often found, but adhesions may be missing, even in advanced 
silicosis 
Symptoms due to silicosis are found only in the respiratory and circulatory systems, and death 


may be caused suddenly by failure of tl 


e right heart. Pneumonias and emphysema may also be 
the actual cause of death. Silicosis, in contrast to asbestosis, does not predispose to formation 
of cancer of the lung or of the bronchi and the author has seen only three cases of bronchial 
cancer which may have been due to silicotic tissue changes because the bronchus affected led to 
neighboring silicotic tissues. The duration of silicosis is briefly discussed and the author has no 
first-hand experience of acute silicosis. He does not believe that there is a predisposing consti- 
tutional type. He states that the silicotic tissue changes are specific and characterized by hyaline 
nodules or larger areas. With regard to low-quartz dusts he says 

“It is a different question whether in every case of silicosis these hyaline small or larger 
nodules or at least hyaline areas are found. This is not always the case. As stated above silt- 


coses occur which show only very few, if any, of these typically hyaline nodules; this happens if 
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the dust inhaled contains only little free silica and many other constituents.. But also in these 
cases it is possible, if a sufficiently careful search is made, to find a small amount of hyaline 
fibrous tissue of characteristic structure.” 

He thinks it would be legitimate to distinguish a nodular fibrosis (silicosis) from a diffuse 
fibrosis (due to dusts low in quartz). 

In discussing the mode of action of silica the author accepts the solubility theory and thinks 
that progress may be made by identifying organic silicon compounds in the lungs, along the lines 
of the work of Holzapfel. The common experience that silicosis progresses aiter cessation of 
dust exposure is a strong argument in favor of the solubility theory. 

In a chapter on the relation of silicosis and tuberculosis the author gives the arguments for 
and against the opinion that advanced stages of silicosis characterized by confluent areas may 
be due to silicosis alone in the absence of tuberculosis. He believes this to be possible. The 
different interactions of silicosis and tuberculosis and their pathological appearance, differenti- 
ation, and progression are illustrated in detail. 

\ final chapter deals with errors of diagnosis, due to lack of microscopical examination, and 
with discrepancies found in practice between interpretations made of radiographs during life 


and autopsy findings G. Nacetscumipt Hye.]. 


FREQUENCY AND APPEARANCE OF SILICOSIS IN THE IRON AND MeEtAL INpustry.  H. 
GRAFENEDER, Zentralbl. Arbeitsmed. u. Arbeitsschutz. 2:13-15 (Jan.) 1951. 


Since the last war there has been an increase in the number of cases of silicosis in the iron 
and metal industry ; the disease is no longer confined to sandblasters but has spread to occupations 
such as molding, cleaning of castings, and enameling; the enameling proportion of fatal cases 
has also increased. The trequency with which tuberculosis accompanied silicosis increased from 
33% in 1947 to 53% in 1949, and in the same period the deaths from the combined diseases rose 
from 35% to 70%. In the total number of 112 workers compensated for their disease in the 
South German Iron and Steel Industrial Society between 1945 and 1949 were 27 sandblasters 
and 48 molders; these figures do not represent a true incidence, as there are many more molders 
than sandblasters 
\ comparison is made between the incidence of simple silicosis and that of silicosis-tuberculosis 
in the different occupations; the percentage occurrence of complicating tuberculosis (with the 
deaths shown in parentheses) was, in sandblasters, 44.5 (53.3); grinders, 66.7 (—); enamelers, 
40 (33.3); molders, 31.3 (35.7); cleaners of castings, and their laborers, 66.7 (87.5); others, 
83.3 (—). Of the 112 workers compensated, 55.4% had simple silicosis, and 44.6% silicosis with 
tuberculosis; of the 49 fatal cases 21 (42.8%) were of simple silicosis; and 28 (57.2%) were 


omplicatec Osis 
complicated by tuberculosi E. L. Mippiteton Hyc.]. 


FREQUENCY AND APPEARANCE OF SILICOSIS IN THE IRON AND MetAL Inpustry. H. 
GRAFENEDER, Zentralbl. Arbeitsmed. u. Arbeitsschutz. 1:33-36 (March) 1951. 


This article is in continuation of that dealing with the increased incidence of silicosis and 
stlicosis-tuberculosis in the iron and steel foundry industries. It deals especially with the inci- 
dence of silicosis in the various occupations at different ages and periods of employment as shown 
by the records of the South German Iron and Steel Industrial Society, and with measures for the 
prevention of silicosis. 

Phe incidence of silicosis was not evenly distributed in the industry. In three of the areas, 
with a total of 2,740 workers employed in the foundries, the annual incidence was 3.8 new cases 
per 1,000 workers, compared with 0.27 per 1,000 among 18,749 workers employed in the other 
areas—that is, an incidence 14 times as great. This high incidence is the subject of an investi- 
gation which ts not yet completed. The annual percentage incidence of silicosis in three of the 
occupational groups was, in sandblasters, 1.4; molders, 0.07; enamelers, 0.01. The corresponding 
figures for molders’ laborers, grinders, and furnace builders were not available 
\n outline of the technical measures used in preventing silicosis is given. These are on well 


known and generally approved lines. For sandblasting the most important are: selecting suitable 
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workers; suspending after two years’ employment, unless conditions are free from risk; using 
steel shot instead of siliceous abrasives; separating the process, and freeing castings of sand 
before blasting. For metal grinding the most important measure is that of substituting abrasive 
wheels for sandstone: unlike the sandblaster, the grinder is a skilled workman who cannot be 
suspended from employment without hardship. In enameling, preventive measures are directed 
to suppressing dust containing free silica in the mixing, melting, grinding, and spraying processes, 
especially by enclosure of machines, application of exhaust draught, and providing respirators 
for certain handling processes. In the foundry recommendations include mechanical methods of 
preparing molding sand and transporting castings; exhaust draughts at pneumatic tools for 
cleaning castings, and at grinding. Molding powders should be free from silica; workplaces 
should be cleaned regularly, and the attention of all should be directed to the need for reducing 


the production of dust E. L. Mippteton Hye.]. 


Preumoconiosis Due to Tatcum. G. Kourer, G. Leopotp and W. Streyver, Ztschr. arztl 
Fortbild. 45:375-382 (July) 1951. 


The occurrence of pneumoconiosis due to inhalation of talcum dust is taken as established 
A survey was made in a factory in Leipzig that makes powder for cosmetic and medical 
purposes. Until 1944 talcum was the only mineral base used. During the last few years minor 
amounts of colloidal silica and kaolin have been used at times. Among 28 workers one case of 
stage II] pneumoconiosis and two of stage I were found after 19, 25, and 30 years’ dust exposure 
Clinical observations are given in detail; they show little or no disability for stage I, but 
emphysema, bronchitis, a reduced vital capacity, and a shortened apneic pause for stage Il. The 
radiological findings are described and discussed in detail, and they are illustrated with rather 
poor reproductions. The pictures resemble asbestosis rather than silicosis 

Working conditions and materials used in manufacture are described, and size distributions of 
the raw materials and of dusts collected on test plates are given. The case of stage IL arose in 
the mixing room, which is well separated from the packing room, in which the two cases of 
stage I were found. The air-borne dust collected in the mixing room at a height of 6 feet (1.8 
meters) contained only 0.6% by weight of particles below 5 4, and the mixing room was far 
dustier than the packing room. Dust control was greatly improved in the plant in 1940 by 
modern exhaust ventilation. Nevertheless, initial and annual checks with full-size x-ray films 
are recommended for all workers exposed to talcum dust. The subject with stage If had been 
certified in 1940 and removed from further dust exposure. The two women with stage I do not 
qualify for compensation under the present law (Eastern zone of Germany) because no dbjective 
loss of function of the respiratory or circulatory system or associated tuberculosis can be 


demonstrated. These women are aged 43 and 46 years and their removal from further dust 


exposure is recommended. 


G. Nacetscumipt Hye.]. 


Industrial Toxicology 


FLUORESCENT INDICATOR ADSORPTION METHOD FOR HypROCARBON-Type ANALYstIs. DEAN 
W. Crippie and Rosert L. LeTourneav, Analyt. Chem, 23:1620 (Nov. 20) 1951. 


The olefin and aromatic hydrocarbon-type components of important liquid-fuel components 
from petroleum-cracking and reforming processes are not adequately determined by any of the 
simpler existing procedures for hydrocarbon-type analysis. The gap is filled by this research, 
which presents a greatly simplified procedure for the chromatographic separation of hydrocarbons 
by silica gel, based on fluorescent dyes which make the principal hydrocarbon-type boundaries 
clearly visible. These new dyes, together with a newly designed chromatographic column, 
completely resolve the olefin fraction in cracked-petroleum stocks by the direct displacement 
procedure. The method is far more reliable than the bromine-number method for olefin 
analysis. Quantities of saturates, olefins, and aromatics so determined are accurate to one 
percentage unit. Applications of the dyes to the study of adsorption-column variables in the 
analysis of petroleum stocks other than gasoline are discussed briefly. 
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PoxicoLocy, ARGONNE Nationat Laporatory, Division oF BroLoGy AND MEDICAL RE- 
kakcH (Austin M. BrUES, DIRECTOR), QUARTERLY REPORT, August, September, October, 

1950, pp. 72-106, 120-122, 157-162, 183-191. 

Radium: Clinical attempts to remove Ra from a patient estimated to contain 2uc by the 
“deleading” technique of Abu and others Cann. Internal Med. 11:1443-1463, 1938), intravenous 
itrate, intramusc ular Bi salicylate and oral ALCOH are reported. \ method for determin- 
ition of Rn in expired air is described. Polonium: Data are presented on survival time, weight 
changes, and tumor incidence in mice 500 days after Po injection. C!*: Metabolism observations 
to 10 and 20 months after exposure of adult and embryo mice, respectively, to NavsC!*#Os by 
injection followed by a 10-hour rebreathing of expired air are reported in detail. Tritium: Data 
on mortality, hemoglobin level, and leucocyte count taken at the end of 20 days during which 


rats were supplied with drinking water containing 180 to 600 4c of HTO per liter are listed. 


Beryllium: Aluminon (aurintricarboxylate) is shown to be effective in protecting mice from Be 
mortality. Uranium: Data on the toxicity of U25, Us, and U*2** in mice are summarized up 
to 30 days. Preliminary results of U metabolism in mice are reported. 


NucLEAR Sc. Asst. 


CORRELATION BETWEEN Toxicity By INHALATION AND PuysicaAt PROPERTIES OF BERYL- 
rium Oxipe. R. H. Hacr, S. Laskin, G. SpraGcue, and B. H. Brown, Federation Proc. 
8:299 (March) 1949 


The toxicity of inhaled BeO appears to depend on the physical properties of the material, 
which, in turn, are related to the method of preparation. The processes currently employed for 
the production of BeO involve calcining a Be salt at high temperatures. Dogs, guinea pigs, 
rabbits, and rats were exposed six hours daily for 12 to 15 days to an atmosphere containing 
approximately 85 mg. 1 cu. m. of BeO aerosol. Even at this relatively high concentration one 
grade of BeO appeared to be virtually nontoxic. This material was fired at 1350 C. and was 
composed of unit particles having an arithmetic mean diameter of about 0.7 4, with aggregates 
of low porosity (5.2%). A second grade induced definite signs of toxicity. Dogs and rats exposed 
to an aerosol of BeO produced by calcining beryllium nitrate at 400 C. exhibited loss of weight 


One of the two dogs showed a significant reduction in blood oxygen tension; 8 of 40 rats died. 


NUCLEAR Sc. Asst. 


HeMaAroLoGicaAL INVESTIGATION ON WorKERS Exposep TO Mercury Vapor. B. Kesic 
and V. Haruster, Indust. Med. 20:485 (Nov.) 1951. 


To extend further the already extensive and frequently unconfirmed line of investigation 
regarding the toxic effects of mercury vapor on the hematopoietic system, a group of Yugoslav 
workers exposed to mercury vapor and a control group were studied. The red and white blood 
cells did not vary significantly from the normal either in number or in morphologic aspect. 
Hemoglobin variation due to inhaled mercury vapor could not be assessed with any statistical 


Significance 
FARROKH Satpt, Boston. 


STUDIES ON THE MECHANISM OF AcUTE BERYLLIUM Porsoninc. KENNETH W. COCHRAN, 
M. Zerwic, and Kennetu P. Du Bots, J. PHARMACOL. & Exper. THERAP. 
102:165-178 (July) 1951 
\ study of the effects of various doses of Be on the phosphatase activity of rat- and guinea- 

pig tissue was conducted. Alkaline phosphatase of rat serum was markedly inhibited by Be 

in vivo. The adenosine triphosphatase activity of tissue was inhibited by Be in vivo, as was the 
phosphoglucomutase activity of liver and skeletal muscle both in vitro and in vivo. Analyses 
of the livers and kidneys of Be-poisoned rats revealed a decrease in phosphocreatine and adenosine 


triphosphate and a marked increase in inorganic phosphorus. ee 
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THe Errects or BAL on THE METABOLISM OF LEAD AND ON THE SYMPTOMATOLOGY IN 
Leap Intoxication. E. C. Viettanr and N. Zurto, Brit. J. Indust. Med. 8:218-225 
(Oct.) 1951. 


Twenty-seven patients with occupational lead poisoning were treated with low doses of 
BAL (dimercaprol U. S. P.). The average blood lead value was 122 7 per 100 cc. before 
treatment. Injection of 2 to 5 mg. of the compound per kilogram of body weight caused an 
immediate reduction of blood lead. In eight hours the value had dropped to 50 7 per 100 ce. 
but had risen to 115 ¥ per 100 cc. in 24 hours. Injection of B AL caused a sharp increase of 
urinary lead in the first few hours, after which the concentration rapidy diminished though it 
Was maintained above pretreatment values for 24 hours. The average total amount of lead 
disappearing from the blood was 2.1 mg. three hours after injection. The amount excreted 
in the urine for the same period averaged 0.4 mg. This indicates that the principal effect of 
BAL. is not deleading as ordinarily defined but rather a transferring of lead from blood and 
certain organs to other organs, probably mainly to the skeleton Damaging effects could be 
produced if the lead were to accumulate in the nervous system. Final judgment of the suitability 
of dimercaprol for treatment of lead poisoning is not possible until further work has been done. 
The value of the deleading effect may be small when unfavorable effects due to disturbance 


of internal lead distributions are considered. B. H. Ampuer, Boston. 


PotyMEeR-FuME Fever. D. K. Harris, Lancet 2:1008 (Dee. 1) 1951. 


Most of the modern plastics are made from polymerized chemical compounds. The replace- 
ment of all the hydrogen atoms of ethylene (C2H«) by fluorine, for example, produces an unstable 
reactive gas known as tetrafluorethylene (CF:=CF:). This substance and other completely 
fluorinated compounds in the same series are said to be comparatively harmless, although 
Taylor (1950) states that there is little accurate information about toxic concentration, and many 
halogenated hydrocarbons have been shown to be toxic on inhalation. 

Polytetrafluorethylene is remarkably thermostable, showing no radical alteration in structure 
until heated to 327 C., when it becomes a firm rubbery translucent mass. At 360 C. it slowly 
undergoes “degradation,” which increases with high temperature, giving off an invisible fume 
which produces toxic symptoms if inhaled. This fume may be produced by heating the polymer 
above 300 C. in an oven, or even by the friction of a tool edge rotating against the polymer in 
high-speed machining. 

Inhalation of this fume from the heated polymer produces characteristic clinical features 
closely resembling those of metal-fume fever Two cases which occurred in Britain are described, 
and extracts are quoted from the clinical notes of two cases observed in America. 

Rats exposed to the vapor of the polymer showed respiratory irritation and subsequent 
pulmonary edema and hemorrhage, which were confirmed histologically. Investigations so far 
have failed to reveal the exact nature of the toxic substance. The condition can be prevented 
by adequate exhaust ventilation. Treatment is mainly symptomatic, but the administration of 
oxygen is recommended. 


MEASUREMENT OF Raproactivity 1s Human Breatu. A. H. Warp and P. G. JENSEN, 
Nature 167:600, 1951. 


A continuous-flow-type counter has been developed for measuring @ activity in the breath of 
patients with internal thorium contamination. The patient inhaled through the nose and exhaled 
orally through a drying tube and a flow counter, in which the exhaled air served as counter gas. 
The counter consisted of a heavy brass cathode 14 cm. long and 3.2 cm. in diameter and a W 
anode 11 cm. long and 0.01mm. in diameter ; the total volume was 135 ml. Breath of 16 patients 
was measured and the results agreed satisfactorily with those from another type of breath 
monitor and with 8 and 7 measurements on other parts of the body. 


B. M. Dace [Cuem. Asst.]. 
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CONTRIBUTION TO THE StupY OF THE ToxricoLocic Aspects OF TRICHLOROETHYLENE: 
DEVELOPMENT OF A METHOD OF DETERMINATION APPLICABLE TO AIR AND BIOLOGICAL 
MateriaL. R. Trenaut, Ann. pharmaceut. frang. 9:175-186, 1951. 


Trichloroethylene is collected in pyridine that has been chilled in a mixture of ice and 
salt. The color produced by the Fujiwara alkaline-pyridine reaction carried out in a solution 
made homogeneous by addition of alcohol, followed in certain cases by dilution with water, is 
measured colorimetrically or photometrically. The sensitivity is of the order of 2 to 4 ¥ in 
5 ml. of pyridine. In applying the method to biological tissues and fluids, the trichloroethylene is 
liberated by a current of warm air, following the technique previously proposed by Fahre. 


R. Paris, France. 


ToxicoLocy OF CARBON TETRACHLORIDE: I. DEVELOPMENT OF A METHOD APPLICABLE 
ro Atk AND Brotocicat R. Fapre, R. Trenaut, and S. Lanam, Ann. 
pharmaceut. franc. 92251-2656, 1951. 


Ihe authors have periected a method based on the color developed by carbon tetrachloride ae 
on heating with pyridine in alkaline solution. The sensitivity is 2 7¥/ml. When the carbon 
tetrachloride in air is to be determined, it is collected by adsorption on dried silica gel chilled 
to 0 ©. and is eluted by acetone. In the case of complex biological material, the carbon tetra- 
chloride is first liberated by a stream of hot air. 


R. Trenmavut, Paris, France. 


CHANGES IN CHRONAXY, OccURRING Berore Any Sicn, A CAseE oF Occu- 
PATLONAL POIsONING BY CARBON DISULFIDE: INTRODUCTION TO A STUDY OF PRE- : 

roxicoses. G. Bourcuicnon, Bull. Acad. nat. med. 134:287-289 (April) 1950. 3 


\iter men have been exposed to carbon disulfide for only two months and before they show 
any clinical disease, their chronaxies are changed. Therefore the study of chronaxy allows 


early detection of intoxication, Broz. Asst. 


Urinization oF Raproactivity INDUCED IN ARSENIC FOR THE DETECTION AND STUDY OF e 


roe Distripetion Or THis ELEMENT IN Hater. H. Grirran and J. BarBaup, Compt. 
rend, Acad. sc. 282:455 1951. 


The procedure used consisted of rendering the arsenic in hair artificially radioactive by ° 
exposing it to a flux of thermal neutrons. Then by analysis of the radiation emitted by the 
hair it was possible to identify the element and to determine its localization as a function of 
length of the hair. When medicolegally applied to the diagnosis of arsenic poisoning and the 
determination of the date of absorption of the poison, the technique described shows various 
advantages over the chemical and histochemical techniques previously used. 


R. Trunaut, Paris, France. 


PoIsONING OF Bees py InpustrtaL Fumes. M. Rousseau, Progrés agr. et vit. 184:53-56, 
1950 


Observations made in the departments of Aude (1945, 1947) and Herault (1947) showed that 
fumes containing arsenic compounds can deposit sufficient arsenic on plants to kill bee colonies 


to a distance of 20 km. from the point of production. The pollen stored by bees in such an 


area contains arsenic and is tonic. M. G.-O. [Cuem, Apst.] 


Dustiness oF Drirts AND WorRKINGS IN Rock. E. BALGAIRIES and E. Qurnot, Rev. med. 
mimiére 3: 190-199, 1950 
Che paper deals with the production of dust during dry- and wet-drilling, hand loading and 
machine loading. The tests were made in mines in the neighborhoods of Douai and Oignies. 


Dust sampling was done with the Le Bouchet filter apparatus, and particles were counted and 
measured microscopically, 
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With dry drilling the median concentration of particles below 5 # in size was 4,000 per cubic 
centimeter, and the probable limits were 1,600 and 9,000 particles per cubic centimeter. Wet 


drilling gave a median concentration of only 600 particles per cubic centimeter, with probable 


limiting counts of 300 and 1,300. Mechanical loading (with spraying of water before and during 


the operation) gave a median count of 1,200 particles per cubic centimeter, with probable limits 


of 500 and 2,400 particles. Hand loading, with similar application of water, gave somewhat 
similar concentrations, a median value of 1,400, with limits of 700 and 2,000. 


There were in all cases few particles larger than 5 # 


The authors conclude that in places reputed not to be dangerous from the standpoint of 


silicosis the dust concentration is of the order of 500 particles per cubic centimeter. In places 


where work is not in progress concentrations are lower, commonly about 200 to 300 particles. 


The paper is based on the results of 765 dust samples 


Tuomas Beprorp 


Hy«.]. 


Two Cases oF NERVOUS COMPLICATION FROM CARBON MONOXIDE Porsoninc. L. BINETt, 
P. Tanret, and P. Deyours, Semaine hdop., Paris 27:2857-2858, 1951. 


In the two cases of carbon monoxide poisoning studied, the authors observed nervous troubles. 
In their discussion they attribute these troubles not only to initial vascular lesions but to diffuse 


lesions, either vascular or parenchymatous. They stress the frequency of nervous complications 


in carbon monoxide poisoning. 


R. Treuavut, Paris, France. 


BRONCHIAL ASTHMA AND ALLERGIC MANIFESTATIONS OF SKIN CAUSED By COMPLEX SALTS 
oF PLatinumM: New OccupaTIoNaL \. Jorpi, Schweiz. med. Wehnschr. 


81:1117 (Nov. 17) 1951. 


Jordi reports three cases of a new occupational allergy disease caused by ammonium chloro- 


platinate in chemists who were employed in a platinum laboratory and refinery. Manifestations 


of the disease were observed as follows: edema of the eyelids, photophobia, secretion from the 


nasal mucous membrane, attacks of asthma with burning pain in the chest, and urticaria on the 


forearms and the neck. In one of the patients a cutaneous test was performed with the same 
ammonium chloroplatinate solution with which the hands of the patients had come in contact 


during thier work; he had a positive reaction (redness and mild swelling); the test was negative 
when the precipitated ammonium chloroplatinate was applied to the skin. The eosinophiles were 


a increased to 10%. Complete recovery resulted when the men were transferred to another 


department where they were no longer exposed to the platinum atmosphere. 


Prophylaxis may consist of adequate exhaustion of vapors and dust and application of skin 
protectants. 


Close collaboration of physicians, toxicologists, chemists, physicists, and employers is stressed 


with respect to new occupational diseases 


On INpusTRIAL Rapium Porsonincs. Rotu, Deutsche med. Wehnschr. 76:776-777 
(June 8) 1951. 


An analysis of cases of Ra poisoning, as reported by various German writers, shows that, 
unlike many other industrial poisonings, the pathological effects of Ra present a slow develop- 
ment, prolonged over years, that resembles the latent state of an infection eventually becoming 
manifest through a general lowering of the body's resistance. It is therefore recommended that, 


besides vigorous ventilation and radiation protection in the establishment, a control of the 


general state of health of the workers should be organized. 


Avutuor’s SumMARY [NucLEAR Sc. Asst. ]}. 


SYNTHETIC MOULDING SaNps as A MEANS oF RepucING Siticosts Risk. K. G. 
Staub, No. 23, Dec. 15, 1950, pp. 462-478. 


ScHMIDT, 


This paper discusses the silicosis risk in the foundry industry. Although the prevalence is 
lower than in mining, it is not negligible; for instance, a recent survey among 94 men exposed 
to dust in one foundry in the Ruhr area showed one case of Stage III, three of Stage II, and 
17 of Stage I silicosis. 
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From published analyses of a number of foundry sands it can be calculated that these 
contain between 0.5 and 8% of quartz of respirable size, the mean being of the order of 2%. 


Hut much more fine quartz may be produced by shattering of coarse grains after casting and 


fettling. Furthermore, all foundry sands contain clay, and, on heating, the kaolin in the clay 


is converted to mullite and free silica. The author believes this free silica to be a major hazard. 


It is known that synthetic foundry sands which contain bentonite have great technical 
advantages over natural sands, and it is claimed that they are also better from the point of view 


of preventing silicosis. Washing used sand to remove the fine particles which otherwise may 


become air-borne should be generally introduced, and general good housekeeping and isolation 


of processes of special dust production are recommended 


G. NaGcetscumipt Hy6e.]. 


Heinz Boptes 1x CLiInicaL AND EXPERIMENTAL ToxicoLoGy. BERITIC, Arhiv 
* za Hig. Rada 2:311, 1951 


In this review current opinions on the significance of Heinz bodies in clinical and experi- 


mental toxicology are presented 


The name “Heinz bodies” is accepted as the only term which does not emphasize any of the 


many objectionable characteristics of the phenomenon. 


Methods of detection and quantitative determination of Heinz bodies are described. 


It is believed that Schmauch's bodies as seen in normal cats are not only identical with 
Heinz bodies but that the former phenomenon is probably the morphological prototype of the 


latter 
; Differential characteristics of erythrocytic inclusions (basophilic stippling, reticulofilamentous 
‘ substance, siderotic granules, and Howell-Jolly bodies) are summarized. There is a good deal 


j of evidence that Heinz bodies are chromatologically and biologically identical with the marginal 
hodies of (marginal corpuscles). 

i Variation in the form of Heinz bodies, which was observed also in our own in vitro experi- 
4 ments, is believed to be due to a variety of experimental conditions. 

: The role of the spleen in experimental as well as in clinical Heinz body formation is reviewed 
j and discussed 


Some of the substances which are capable of producing Heinz bodies in vitro and/or in vivo, 
are listed 


The validity of the Heinz body phenomenon in the study of the metabolism of certain organic 


compounds is emphasized. 


The theories concerning the relationship between methemoglobin or verdohemoglobin and 


Heinz bodies are cited. Heubner’s conclusion that the occurrence of Heinz bodies, methemo- 


globin, and verdohemoglobin represents three separate and independent phenomena is accepted 


as the most probable. The only common characteristic of these three phenomena is the oxydasic 


nature of their formation 


It is pointed out that in cases of congenital idiopathic methemoglobinemia there are no Heinz 


bodies in spite of the high level of methemoglobin. There is no connection between methemo- 


globinemia and anemia either. The presence of porphyrinuria in hemolytic anemias with Heinz 


body formation ts explained 


The diagnostic, prognostic, and preventive significance of Heinz bodies is emphasized. 


PoisONING witH Nitrous Gases. S. Aarsetu, J. Oslo City Hosps. 1:122-126 (May) 1951. 


A large carboy containing about 60 kg. of nitric acid was broken during transit through a 


workroom ; nitrous fumes promptly arose. Sawdust spread on the top of the spilt acid increased 


the fumes. Three men were exposed to the gases for about one-half hour while clearing up the 


mess. Two were unaffected, but one felt nauseated and oppressed. Fresh air dispersed these 


symptoms. He took his midday meal and resumed work. Later cough and dyspnea developed 


and he had to go home. He became worse, and 11 hours after the accident he went to a 
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hospital. Fortunately, pulmonary edema did not develop, and the dyspnea gradually passed 
off in a few days. An x-ray six months earlier had shown his chest to be normal. One taken 
nine days after admission to the hospital showed the lungs mottled with densities varying from 
miliary size to pea size. Five weeks later the x-ray appearances of the lungs were similar 
to those seen eight months earlier. This man presented a typical picture of poisoning by nitrous 
fumes, with dyspnea, cough, fever, tachycardia, bronchitic changes, reduced vital capacity, and 
x-ray changes, together with transitory hypertension. In four weeks all was clear. Concen- 
trations of nitrogen peroxide gas 0.012 to 0.015% are dangerous, and twice that amount may 
cause instant death. The pulmonary symptoms resemble phosgene poisoning. Overweight, 
stoutly built persons are predisposed to succumb to this gas. The latent period before the serious 
symptoms appear is characteristic. Rest, fresh air, and sometimes oxygen are essential. No 
person suspected of nitrous-fume poisoning should be allowed to walk home. 


E. L. Hye.]. 


THe Use oF CHLOROBENZENE AS A SOLVENT FROM THE Point oF View oF INDUSTRIAL 
Hyciene. N. D. Rozenpaum, R. S. Brocn, S. N. Kremneva, S. L. Ginzpure, and 
I. V. Pozuarisktt, Gigiena i Sanit. 12:21-24, 1947: Chem. zentr. (Russian Zone Edition), 
1949, 225-226. 
Numerous tests on mice and rabbits showed the absolute toxic dose to be 20 mg. per liter 
for PhCl vapor and 30 mg. per liter for benzene vapor. PhCl should not be used as a solvent in 
industry if the concentration of its vapor in the atmosphere exceeds 0.05 mg. per liter. 


M. G. Moore Apst.]. 


Trace ELEMENTS AS A MEDICOBIOLOGICAL AND Hyarenic Prosprem. N. M. Tomson, 
Vestnik Akad. Med. Nauk S. S. S. R., 1950, No. 5, pp. 29-35. 


A review of the influence of trace elements on living processes from the viewpoint of 
communal hygiene and physiology is presented. The contamination produced by waste products 
of industrial processes is discussed in relation to the formation of endemic conditions for health 
disturbances. A more detailed account of the study of effects of lead contamination is given. 
Analysis of tissues of experimental animals (rats) taken in the vicinity of metal-working plants, 
where lead concentration in the air might be as high as 0.02 mg./cu.m., showed increase of 
2- to 7-fold in comparison with controls (bones, liver, etc.) ; similar increases may be found 
in the flora of industriaMregions 


G. M. K. [Cuem. Apst.]. 


Medicine and Surgery 


Tue OrTHOPEDIC SHOULDER PROBLEM AS RELATED TO INDUSTRIAL MepicIne. F. C. 
Reynotps and L. T. Forp, South. M. J. 44:849 (Sept.) 1951. 


Clinical syndromes that fall into the group of orthopedic shoulder problems are usually 
divided into (1) tears of the rotator cuff, (2) calcification in one or more tendons of the rotator 
cuff, (3) subacromial bursitis, (4) the bicipital syndrome, and (5) the frozen shoulder. 

The pathologic background for this group of syndromes seems to be fundamentally a 
degenerative change in the substance of one or more tendons about the shoulder, probably second- 
ary to repeated minor trauma or to gradual attrition from wear and tear. The variation of the 
clinical picture may represent only a difference in the degree to which the involved structures 
react to this gradual destructive process. It is interesting that the only obvious pathologic 
difference between rupture and calcification is the age group in which the condition occurs. It 
seems logical to assume that the other syndromes are due to inflammatory changes secondary to 
the reaction of degeneration. 

From an industrial standpoint, single trauma alone does not, as a rule, produce any of these 
pictures. Single trauma, however, may aggravate the condition and directly result in activation 
of symptoms with production of disability. For this reason, whenever a cause-and-effect relation- 
ship can be established, the condition should be considered compensable. 
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IMPORTANCE OF DETERMINATION OF PULMONARY CIRCULATION TIME AND OF VENOUS 
Pressure IN Siticotics. Luici PARMEGGIANI, Med. lavoro 42:15 (Oct.) 1951. 
In 5% silicotics, pulmonary-time circulation was repeatedly determined by means of ether 
and sodium dehydrochlorate. This research may give useful indications in a certain number of 


cases. Only pathological times are of significance, and permit one to control the evolution of 
singular cases. The time for total pulmonary circulation is modified in the more advanced cases, 
with the establishment of heart insufficiency. Determination of the time by means of ether is 
useful; its value depends on the condition of the pulmonary arterial circulation as well as on the 
condition of the alveolar wall 

In 14 venous pressure was determined with the method of Alestra and Ruffini. 
Phis research demands accurate technical execution. Results depend on various factors, partly 


silicotics, 


independent of endocardial pressure, and for this reason the research does not give useful 
indications in the functional examination of silicotics. 


Environmental Conditions 


IDENTIFICATION OF PETROLEUM Propucts By CHROMATOGRAPHIC FLUORESCENCE METHODs. 
Jacop A. Analyt. Chem. 28:1676 (Oct.) 1951. 


Our natural resources are not unlimited. Their pollution by waste fuel, lubricating, and 


bilge oils is preventable. Each year this menace causes untold damage to our inland fisheries. 
migratory water fowl, and beaches. It results in unsightly harbors and fire hazards to piers and 
shipping. Ships are so isolated, especially when under way or at night, that it is difficult to 


prove pollution legally. A method was found useful in prosecuting harbor pollution violators 
in Baltimore harbor and in the upper Chesapeake Bay area. It resulted in many convictions 
and was responsible for periods during which pollutions ceased. This technique was also applied 


to the identification of the source of petroleum crudes. Various crude, semirefined, and refined 
petroleum products give characteristic spot chromatograms by this method. It is possible that 


other uses will be found, in the petroleum industry, for rapid identification of its numerous 
products by similar methods 


AIR 


POLLUTION 


FREDERICK G. SAWYER, Indust. & Engin. Chem. 43:2687 (Dec.) 1951. 


Rapid growth of the population of many western cities has focused attention on periodic 
| murkiness of the atmosphere. Much publicity has been given to the Los Angeles smog, A four- ° 
; year study hy Stanford Research Institute indicated that the daily burning of nearly 50,000 
tons of tuels and rubbish is the principle cause of the Los Angeles smog. Research shows 
turther that this burning by the public and industry emits to the air each day at least 2,000 tons 


of chemicals which can cause poor visibility, eye irritation, and other smog effects. The com- 


munity aspects of air pollution complicate the means of abatement. Significant pollutants are 
emitted trom automotive engines and backyard incinerators, as well as from industry. Industry's 


responsibility to the community makes it necessary that its house be in order. It is good public 
relations to be a good neighbor by abating nuisance effluents. Enlightened management will 
regard potential air pollution as an important factor in plant location. A scientific study of wastes 
discharged to the air and their dissipation by meteorological conditions may save some of the 
cost of corrective equipment. Air-pollution regulations are becoming more stringent. Only 
scientific study and industrial cooperation can ensure intelligent legislation concerning air- 
pollution abatement 


PRANSACTIONS OF CHEMICAL-ENGINEERING CONFERENCES, FIFTEENTH ANNUAL MEETING, 
INDUSTRIAL HYGIENE FOUNDATION OF AMERICA, Inc., PrvtspurGcu, Pa., 1950. Indust. 
Hyg. Found. America, Tr. Bull. No. 18, 1950, 


“Basic Considerations in Industrial Heat Exposures” by T. F. Hatch, page 1: Investigations 
have shown that it is possible to measure the level of heat exposure and to differentiate between 
the radiant-heat ‘and convective-heat loads. 


“Radiant Heat Demonstation” by W. G. Hazard, pages 2-6: Three-fourths or more of the 


summer heat load of men working at furnaces, forges, ovens, and other hot industrial equipment 
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may be radiant heat. Measures that will control high air temperatures (convective heat) will 
not reduce radiant heat. Details are given of demonstrations designed to illustrate these facts 

“Methods of Evaluating Heat Exposure” by G. F. Haines IJr., pages 7-12: There are four 
environmental factors which influence the interchange of heat between the human body and the 
environment: the true air temperature, the air velocity, the humidity of the air, and the mean 
temperature of the solid surroundings. Brief descriptions are given of instruments suitable for 
measuring each of these quantities, with special emphasis on the use of the Directional Radi- 
ometer for determining sources and intensity of radiant heat. 

“Reduction of Machine Noise” by P. H. Geiger, pages 13-25: Any vibration in a machine 
will result in noise if the frequency is between 30,000 and 15,000 cycles per second, the audibility 
range of the average human ear. Quieting may be accomplished by one or more of the following 
methods: (1) reducing the amplitude of the vibrations, (2) changing the character of the vibra- 
tions so that they are less objectionable, and (3) placing obstacles in the paths by which the 
sound travels to the ear. 

“Noise Control in Office and Factory Spaces” by L. L. Beranek, pages 26-33: No reliable 
studies are known which show that the output of a worker is effected appreciably by noise, 
provided hearing or talking is not essential to his work. Criteria of damage to hearing and of 
interference with speech are cited and related to the subjective response of industrial employees 
to a variety of noise situations. 

“Recent Developments in the Treatment of Metallurgical Gases for the Recovery of Sulfur” 
by E. P. Fleming, pages 34-39: The limiting grade of metallurgical gas that can be treated 
and give a reasonable return on the capital invested is approximately 3.0% SOs. Investigations 
are now under way to devise means by which sulfur dioxide may be profitably recovered from 
industrial gases containing 1% SOs and under. 

““Orlon’ Acrylic Fiber in Cloth Dust Collection” by B. S. Farquhar, pages 40-41: Dust 
filters of “orlon” cloth have superior heat and acid resistance and are not attacked by mildew 

“Vinyl Fibers in Dry Filtration” by E. Stowell, pages 42-43: Mixtures of “dynel” and wool 
(50: 50) are resistant to temperatures up to 350 F. “Dynel” alone is resistant to 70% mineral 
acids and 50% caustic. 

“The Problem of Sulfur Dioxide from Power Plant Stacks” by W. F. Davidson, pages 44-45: 
Three general methods for controlling the sulfur dioxide emission of power plants are 
described: (1) Fuels may be selected for low sulfur content; (2) sulfur compounds may be 
removed from the stack gases, and (3) stacks may be designed to give greater diffusion of the 
gases in the atmosphere. Davidson indicates that use of (1) and (2) would represent a signifi- 


cant increase in the cost of producing power. M. Finst. Boston. 


ToxiIcOLoGy OF PARATHION AND OTHER PHoOsPHATIC INSECTICIDES AND PRECAUTIONS FOR 
THeir Use on Citrus. James T. Grireitus Jr. Joun W. W. L. THompson, 
and C. R. Stearns Jr., University of Florida Agricultural Experiment Station, Bulletin 
No. 479, 1951. 


This practical 24-page bulletin illustrates by photographs how to handle parathion (1) ‘in 
spraying operations. The subjects covered include pharmacological action of organo-P insecti- 
cides ; canopy to protect tractors; symptoms of I poisoning; use of I on citrus in Florida; pre- 
cautions in handling 1; treatment of I poisoning. There are 25 references. 


C. H. RicHarpson [Cuem. Apst.]. 


PLUMBISM IN THE PRINTING INDUSTRY. O. G. De Oxtverra and T. CAvatcanti, Mem. Inst. 
Oswaldo Cruz 48:125-142, 1950. 


This is a highly technical article which those interested should consult in the original, for 
it does not lend itself to abstraction. The authors have studied the different processes in the 
printing industry and have estimated the varying degrees of exposure of the employees to lead 
vapor and lead dust by analysis of the air and of the blood and the urine of the workers in each 
of four classes of operatives: those engaged in the linotype section, both those actually 
manipulating the type and the mechanics who see to the cleaning of it; the monotypists, the 
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stereotypists, and the recasters. Much will depend, naturally, on the adequacy of ventilation of 
the workrooms and on the removal or retention of the surface films (borras) in the vessels 


containing the molten metal 


For example, among the linotype workers, the average content of lead in the air about the 
typist is only 0.1 mg. per 10 cu. m. of air; about those who clean the type, 0.42 mg., about those 
with the heating vessels, 838 mg. Among the monotypists the figures are: those not in the 
immediate proximity of the melting pots, 0.06 mg.; those working without disturbing the surface 


layer, 0.37 mg.; those who remove this layer, 1.3 mg. The amount is greatest among the recasters 


and there the limits are widest. Thus, at the entrance of the building the amount of lead is 
only 0.04 mg. per cu. m. of air; at the mezzanine level, where the metal fragments discharge 
into the large vat, 0.55 mg.: if the contents are stirred and the scum removed, the figure rises 
to 15.89 mg. Lastly, among the compositors: Among those working by hand it ranged between 
0.13 and 0.37 mg.; among the monotypists, only between 0.01 and 0.05 mg. The remedies consist 
in better ventilation to remove fumes and dust and in trequent examination of the blood and the 
urine of the operatives to estimate the amounts of lead present, so that those showing amounts 
indicative of danger—the limits of concentration are laid down—may be treated or removed 
to other jobs 


H. Harotp Scott Hye.]. 


Coat Smoke—Its NATURE AND Prevention. A. C. Monkuovuse, Chemistry & Industry, 

Dec. 22, 1951, pp. 1129-1133 

Coal smoke, which is the suspended material from the combustion or destructive distillation 
f coal, varies in its content of tars and “free” carbon according to the combustion temperature. 
Brown smoke is produced by the distillation of coal in a fire, while black smoke is caused by 
higher temperatures or where the flames have been chilled. Industrial chimneys produce mainly 
black smoke, while the British domestic grate produces a mixture of the two. Domestic smoke 
is high in tar and “free” carbon and low in ash; factory smoke is low in tar, lower than the 
domestic in “free” carbon, and high in ash. Smoke particles are 1 4 in size or less; it has been 
shown in a nonindustrial area that half the total number of smoke particles are less than 0.075 # 
m diameter. These small particles are very mobile but tend to agglomerate. 

Smoke in chimney stacks can be measured gravimetrically or optically; smoke leaving the 
chimney is commonly measured by means of the Ringelmann chart or similarly; smoke in the 
atmosphere is best measured optically by a stain produced on filter paper. Estimates in Britain 
show that, of an annual coal consumption of 190 million tons in 1948, 37 million were consumed 
in domestic grates to produce about 900,000 tons of smoke out of a total of 2 million; industry 
used 63 million tons to produce 700,000 tons of smoke 

Che tactors affecting the dispersion of smoke are stack height and location, discharge temper 
ature, wind velocity, and other meteorological conditions. Atmospheric turbulence has been shown 
to be particularly important. Smoke is caused by incomplete combustion, and this can be 


combated by ensuring an adequate supply of secondary air. The author describes the “smoke 
eliminator” doors designed by the Fuel Research Station for use on hand-fired boilers; over- 
fire air jets have also been used tor this purpose. Manufacturing processes requiring reducing 
atmospheres in furnaces pose special problems, and gas-firing has been much used. A considerable 
reduction of smoke would be aclneved if the domestic open grate were replaced by more efficient 


appliances and there were domestic combustion of smokeless fuels. 


Perer C. G. Isaac, Neweastle upon Tyne, England. 


Tue Prospiem or Repucrion or ATMOSPHERIC POLLUTION: 


I. Pottution By SULPHUR 
Compounnbs, IL. ELIMINATION OF SMOKE. S, R. CRAXFORD (Part 1) and W. J. SPARKES 
(Parr Il), J. Roy. San Inst. 1:209-212 (May) 1951. 


1. Craxford discusses the reduction of atmospheric pollution arising from the use of coal. 
When coal is burned, 90% of its contained sulfur is released, mostly as dioxide and partly as 
trioxide. About 23 million tons of sulfur are thus released into the air over Great Britain each 
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vear, and all of it is finally washed down by rain as very dilute sulfuric acid. Even in the 


industrial area of a large town the concentration of sulfur dioxide in the air rarely exceeds 35 


parts per hundred million 


It is impracticable to remove sulfur from chimney gases except in the largest coal-burning 


installations. The only positive action that has been taken is the stipulation by Parliament that 


most of the sulfur should be removed from the chimney gases at the London electricity- 


generating stations at Battersea, Fulham, and Bankside—but for the country as a whole generat 


ing stations are responsible tor only ¢ ot the sulfur output, and in London 28%. Moreover, 
their gases are discharged to the upper air to a far greater extent than the gases from domestic 


chimneys 


The sulfur-removal plants at Battersea and at Fulham—the only two full-scale plants built 
in any country for removing sulfur compounds from flue gases—are briefly described. At 
Battersea the latest estimate of the cost of removing sulfur is about seven shillings per ton of 
coal burned if a new plant were being built, and the capital cost would be at least £1,000,000 
for a station burning | million tons a year. The cost of the Fulham process would now be 10 
shillings for every ton of coal burned, it is estimated, and the capital cost would be greater 


than for the Battersea process 


No economic process has yet been developed for the recovery of the sulfur present in flue 


Qases 


IT. Sparkes discusses the elimination of smoke. To this end it is necessary to burn the coal 


in such a way that smoke is not formed in the furnace. The main cause of smoke is the discharge 


of hydrocarbons from the fuel bed, and to burn these a seperate supply of “secondary” air over 


the fire is needed. The most usual cause of smoke emmision is lack of this secondary air—often 


because boilers are constructed without provision for supplying it. 


Smoke eliminators devised at the Fuel Research Station are described. In these it is 


arranged that the air 1s admitted so as to ensure intimate mixing with the combustible gases 


With heavy smoke emission there may be a loss of thermal efficiency to the extent of about 


12%, and, on the average, boiler plant elimination of smoke can be expected to achieve a 


saving of 5%. 


Tuomas Beprorp Hye]. 


APPRAISAL OF THE HEALTH Hazarp IN Mine Worktinas. H. Sauzeat, Rev. med. miniére 
3:155-159, 1950. 


The paper comprises a general discussion of the silicosis hazard present in coal mines, with 
a consideration of the nature of dangerous dusts, the formation, propagation and control of 


dust, measures of protection, and classification of risks. At the dust laboratory which the author 


directs, dust estimations are made by means of the thermal precipitator. The ground in which 


work is done is described as “rock” when the rock content of free silica may be as high as 


60%. In ground classed as “coal” the maximum free-silica content is 5%. A dust count of 100 


particles of free silica per cubic centimeter has been regarded as indicating a dangerous concen- 


tration. 
Tuomas Beprorp Hyse.]. 


Dust Hazarps IN THE LEATHER INDUsTRY. WaLtTER H. GecK and T. WINpDEL. Das Leder 
2:57-59, 1951. 


This is a general discussion of dust hazards and dust, disposal problems in tanneries. 


I. C. [(Cuem. Arst.]. 


On Dust Propuction For AN INDUSTRY AND NORMAL Dust DEPOSITION FOR A 


Loca.ity, LIESEGANG, Staub, No. 24, March 15, 1951, pp. 4-10. 


This legal and technical paper deals with the control of air pollution in Germany, a country 
developing from an agrarian to an industrial economy. It is first to be noted that damage to 


crops or animals is easier to assess than damage to health of men or loss of amenities, even 


if the latter are quite large. 
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Under German industrial law all undertakings which may cause damage to health or loss 
amenities (for mstance: through dust emission) must be licensed and a technical committee 
years advised the Minister concerned. The licensing authority takes into account 

present-day good technique of dust suppression, and if 


has in the 


adequate standards are maintained it 
past never retused an application for a new factory or an enlargement of an existing 
one 


hese standards are well known for power stations, large boiler installations, cement factor- 
les, etc, and no special difficulty arises in practice 


But according to civil law, dust deposition must not exceed local usual standards. and these are 


much more difficult to define. In fact, every new factory in a rural area is bound to increase 
just deposition somewhere in the neighborhood. In order to get more information, dust depo- 
sition (total solids and sulfur trioxide) was measured between 1933 and 1940 at four locations 
in three towns and in one place in the country. A table giving the results is shown. In industrial 
towns a monthly average of 1 to 2 kg. of total solids and 100 to 160 gm. of SOs per 100 cc 


was tound, about five times as high as in the rural area 


Other measurements showed as much as 5.5 kg. for power stations at a distance of 1 km. in 
the direction of the prevailing wind 


Phe conclusion is drawn that technical standards normal for a given industry must be taken 
as a base but before a license is granted these standards may be relaxed, or higher standards 


demanded, according to the character of the neighborhood and the geographical conditions, 


G. NAGELSCHMIDT [BuLL. Hye.]. 


Determination of Air-Borne Contaminants 


\ Metnop ror THE DETERMINATION OF HALOGENATED Hypro ARBONS. P. E. Bratp 
and KincsLtey Kay, Canad. J. Technol. 29:159-169, 1951. 


The existing methods for determining CHsBr in air are unsatisfactory for field use, so a small 
portable instrument has been developed. By means of a squeeze bulb, measured amounts of test 
ar are 


orced through a reaction tube containing the oxidizing agent; mix 3.5 gm. dehydrated 
FG’ 


with 9.5 gm. pumice and add 12 gm. fuming H:SO, (56% free SOs). The air containing the 


liberated tree Br is brought into contact with a fluorescein-treated test disk in a holder of special 


design to produce a uniform color, (Fluorescein solution is prepared by dissolving 0.1 gm 


ce. 10% NaOH and diluting to 100 ce. with H:20: 6 cc. of this solution is diluted 
to LOO cc. with HO) 


fluorescein in 5 
The color produced is compared with a color card indicating concentrations 
trom (to 150 ppm by volume. For chlorinated compounds, like CsHCls and CCh, the apparatus 
Was modified by replacing the squeeze bulb with a pump delivering 500 cc, per stroke and 


using 0.050; toluidine solution as the sensitive reagent for Cl in the test disk 


J. A. A. [Cnem. Asst.]. 


Aik-Bokne Dust Conprrions 1x British WARTIMI Scutcuinc Factories. K. L, 
Goobaty and P. J. Harpwick, Brit. J. Indust. Med. 8:161 (July) 1951. 


Dust surveys were carried out in six wartime 


trequent 


British flax mills in an investigation of the 
occurrence of “mull fever” (characterized by headache, a feeling of 


suffocation and 
sickness, and 


soreness of the throat and upper part of the chest). This illness was most marked 
at the beginning of employment and after week-end breaks 
Dust samples were collected with a thermal precipitator and sintered glass filters (25 u 


nominal pore 


rosity) and analyzed by count and weight, respectively. Particle number and weight 
concentration were tound to be roughly correlated 


Phe average of all gravimetric measurements was 31 mg. per cubic meter with a range from 


Counts ranged between 42 and 283 


3 to 208 mg particles per cubic centimeter, with median 
particle sizes between 1.5 and 24 


i 


u. Less than 1% of the particles by count were fibers. Ten 
milligrams per cubic meter is suggested as the maximum allowable concentration of air-borne 
dust tor flax-processing operatiot 


M. First, Boston. 
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Ventilating, Air Conditioning and Engineering Control 


Mercury Vapor HazarpDs IN THE UNIveRsSiIty Lasoratories. I. L. BeEavcuame and B. D. 
TeBBENs, Indust. Hyg. Quart. 12:171 (Dec.) 1951 


Mercury has been replaced in many industrial processes by nontoxic substances, but it is still 
widely used in many laboratories on account of its physical properties 

With the Woodson ultraviolet photometer, measurements of mercury vapor concentrations 
were made in several laboratories on the campus of the University of California. With reasonable 
ventilation, only very low concentrations were found at breathing level, even in the presence 
of spilled mercury. Higher concentrations were found near radiators, and over sink traps, 
where amalgamation with the metal of the trap had taken place. There was confirmation that the 
concentration of mercury vapor is affected by air movements, by the extent of oxidation of 
the mercury surface, and by the presence of a dust or oil film. 

Further tests were made in two other rooms where the concrete floor had been considerably 
impregnated with spilled mercury, and here a definite hazard was found. Thorough cleaning 
of the floor with a vacuum cleaner considerably aggravated conditions, owing to the fact that 
it removed a dust and oil film from the minute embedded mercury particles 

Washing of the floor with a solution of sodium polysulfide reduced the mercury vapor 
concentration to a safe level, even when spilled mercury was present on the benches. The 


treatment was tound still to be effective atter an interval of two months 


Davip Hicktsu, Boston. 


Fuet Economy: III. Heating ann VENTILATION IN RELATION TO Human Neeps. T. 
Beprorp, Research 4:497, 1951 


In this brief article Bedford reviews the physical and physiological principles of heating and 
ventilation, placing emphasis on the principal causes of discomfort (drafts, cold feet, flooring 
material, vertical temperature gradients, cold walls, ete.) and on the importance of thermal 


insulation as a means of improving comfort and saving fuel C. P. Yactovu, Boston. 


Accidents and Their Prevention; Protective Equipment 


CORNPICKER ACCIDENTS OF THE Upper Extremity. C. O. Apams, J. Iowa M. Soc. 41:454 
(Nov.) 1951 

Agriculture has always been a hazardous industry, because a man does multiple types of 
work with multiple tools, usually with minimal traming and on a schedule of his own making. 

The mechanical cornpicker offers numerous opportunities for injury to the operator. This 
report is concerned with some of the upper extremity injuries that occur with the cornpicker. 

The power to operate the cornpicker is usually transmitted from the tractor that is pulling 
it. This transfer is usually accomplished by a spinning power take-off bar. It is possible for 
a tarmer to get his glove, sleeve or hand caught on this spinning bar and, if so, the entire arm 
may be rapidly wrapped up about it. There may be multiple metacarpal fractures. There may be 
a tracture of the midshaft of the ulna, and two or more fractures of the shaft of the radius. 
There may be fractures of the humerus as well, and if the motor is not stopped, the man may 
be killed. 

The numerous gears and chain drives of the cornpicker may cause injuries of the fingers 
and of the hand. These injuries usually consist of multiple compound and comminuted fractures 
of the phalanges and metacarpals, with involvement of the tendons, nerves, and vessels, as well. 
The author briefly comments on the repair of the digital nerves and tendons and on amputation 
of fingers. 

Then there are two sets of rollers in which the operator of the cornpicker can become 
entangled. These rollers quite often become clogged with cornstalks, and the farmer has to 


clean them out. It is easier to leave the machine running so that the power of the rollers 
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helps to clean them out. This is a dangerous practice. The snapping rolls cause multiple fractures 
in the upper extremity, but the most constant thing that is seen is a severe crushing injury of 
all the parts that pass between the rolls. 

One of the most important factors in the treatment of these crushing injuries is to combat 
the post-traumatic edema, by keeping the arm high until the acute edema is under control. The 
treatment of the fractures usually can be combined with elevation of the extremity for the control 
of edema 

Injuries sustained when the upper extremity becomes entangled in the husking rolls of a 
cornpicker are much more serious. The clearance between these rolls is very narrow, approxi- 
mately one-fourth inch or less, and usually any part that enters in between the rolls is damaged 
beyond repair. The patient is quite often able to jerk the hand out, usually with avulsion of 
the damaged portion 

In repairing such injured extremities it is necessary to make good use of the remaining parts. 

Amputation of the hand or the arm is sometimes mandatory. If there is a question regarding 
amputation, delay with elevation of the extremity and careful supportive therapy will answer 
the question and may save extremities or parts of extremities that might otherwise be amputated. 
A case history is presented to illustrate this point. 


Sinace Gas Potsontinc: A Case Report. G. A. Fostvept, Wisconsin M. J. 50:1103 (Nov.) 

195] 

When farmers make hay silage from wet hay and store it in their silos, just as they do 
with their corn crops, such a process involves fermentation, which in turn means gas formation 
and a potential asphyxial risk for those who work in such an atmosphere. Silage-gas poisoning 
is uncommon, but physicians in rural areas should know the causative agents, the signs and 
symptoms, and the treatment. 


Phe case reported here was that of a young man, aged 25, who had entered a previously 
closed silo. He cried for help, but a few minutes later was found in an unconcious state. Exam- 
ination revealed arrhythmia. Respiration was slow and shallow. Reflexes were absent, and the 
muscles relaxed except for occasional twitchings of the facial muscles. The patient was unrespon- 
sive to pain stimuli or to the spoken voice. The pupils were dilated, suggestive of Stage 3 
anesthesia. In all respects the patient appeared as if he were anesthetized. 

He was given supportive therapy, pure oxygen from portable equipment being administered 
at the rate of 6 liters per minute. He was given respiratory stimulants, such as ammonia 
inhalations, nikethamide injections, camphor, and caffeine and sodium benzoate U. S. P. Stro- 


phanthin was given for the cardiac embarrassment. He gained consciousness after about one 


hour, but abdominal cramps persisted for another hour, and when the arrhythmia still persisted 
he was told to stay in bed for 24 hours. On the following day he felt well again. 


He reported that he had become faint and had lost muscular coordination within one-half 
minute after climbing into the silo. He then managed to cry for help, felt nauseated, vomited, 
and soon lost consciousness. 

The accidental anesthesia and toxic reactions were presumably due to carbon dioxide from 
silage fermentation. Such carbon dioxide formation likewise occurs with beet sugar, in yeast 
production, in Wine vats, in linseed oil production, in brewery vats, and from solid carbon 
dioxide, as well as with green fodder in silos. 

To prevent acute intoxication, the silo area should be ventilated prior to entering it. The 
atmosphere should be tested with a candle flame or a small animal, such as a bird or a mouse. 
Artificial respiration should be used if a person has been overcome by silage gas. 


Tue Erectric Accipent THE LiGut or Farapay’s SyMBOLs. STEFAN JELLINEK, Arhiv 


za Hig. Rada 2:285, 1951. 


lhe author sets forth his views on the manner in which electric current is distributed within 
the body at the moment of an electrical accident and on the antagonism and the interaction 
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between the electric current and living matter. He puts forward the opinion that the changes in 
the tissue should form the basis for the interpretation of clinical symptoms and for a rational 
therapy. 


Radioactive Substances and X-Ray 


RADIOISOTOPE HAZARDS AND PROTECTION IN A HospitaL. MARSHALL Brucer, J. A. M. A. 
147:1745 (Dec. 29) 1951. 


The recent rapid increase in therapeutic use of radioisotopes has created a potential hazard for 
hospital personnel and for other patients. 

The greatest danger occurs at the time and after a radioactive clement is injected into a 
patient. Immediately after injection of 20 me. of radiogallium or 200 me. of radiogold, the 
commonly accepted level of maximum permissible continuous dosage is found at a distance of 
4 meters from the patient. The rate of regression depends on the radio half-life 

A portable Geiger-Muller counter with a surveying scale calibrated in “tolerable,” “warming,” 
and “dangerous” levels may be used by nurses who are trained in the meanings of those terms. 

Shielding about the patient may be accomplished by armor-plate shields on casters and either 
using outside walls or incorporating marble slabs or dense concrete into the inside walls. 

People in constant bedside attendance and those who collect specimens or waste must be 
carefully watched. 

For the use of personnel doing routine injections of low energy gamma or beta emitters, an 
ingeniously shielded syringe is described. High energy gamma emitters are administered by an 
intravenous infusion set up which can be operated at a distance. Other safety adjuncts are 
remote-handling bottle tongs and shielding bricks of lead, iron, marble, or soapstone. 

By the use of these devices and by monitoring of personnel with film badges or chambers 
judiciously placed, exposure of personnel in this hospital has been kept at a safe level; indeed, 


it is lower than that commonly encountered in hospital x-ray departments 


L. V. Kempton, Boston. 


INDUSTRIAL FILMS AND RaprioactivE CONTAMINATION (TECHNICAL Opyective AW-5p). 


Westey E. and Louis B. WerNerR, Naval Radiological Defense Laboratory, 
July 9, 1951. (21 p.) 


An industrial film is one formed on a surface through contact with various dirts, soils, and 
industrial wastes, including industrial wastes in the form of smogs. Industrial films and their 
formation are relevant to radioactive contamination-decontamination phenomena because: (a) 
Radioactive contaminants will generally encounter surfaces already covered with industrial films ; 
they will rarely, if ever, contact absolutely clean surfaces. ()) Radioactive contaminants from 
fission bombs resemble aerosol types of atmospheric pollutants, and the behavior and reactions 
of radioactive mists, dusts, and rains with surfaces may have much in common with the behavior 
and reactions of smogs with surfaces and consequent industrial film formation. This report 
summarizes present knowledge concerning smogs and industrial films. No new experimental 


lata are presented \uTHORS’ SuMMARY [NUCLEAR Sc. Apsst.]. 


CarBipe AND CARBON Cuemicats Co., Y-12 Area. Frances Sacus, July 23, 1951. (11p.) 


This bibliography contains 51 titles selected from Nuclear Science Abstracts on radiation 


effects on the blood. The NSA volume number and abstract number for each reference are given. 


NUCLEAR Sc. ABstT. 


X-RADIATION FROM TELEVISION PrieturRE TuBes AND Otner Catnope-Ray Tuses. Sor 
Davip Larks, Thesis, Northwestern University, June 1951. 
An investigation has been made of the possibility that x-rays are emitted by cathode-ray 
tubes. Emission of x-radiation is observed from many of the cathode-ray tubes in current use, 


and in the medium-voltage range of 20 to 50 ky. it is of serious significance, especially in the 
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case of projection television tubes and in the modified forms such 


as industrial oscillographs 
and the elec tron muicros« ope 


rhe implications of what amounts to a new source of irradiation 


ofa significant part of the population are manifold. Account needs to be taken both by industry 


and by the public of the information available trom the fields of biology and genetics. A brief 
resume of current thought on the biological effects of 1 


ow-level radiation absorbed over a long 
period of time is presented 


Some engineering recommendations are made. The author supplies 
77 ferences 


NUCLEAR Sec. ABst. 


Rapium Hazarp in a RAFT-INSTRUMENT SHop: Frnat Report (TECHNICAL 
Opjective AW-5B). R. K. O. J. Sopor, and Witta IGH, June 18, 195], 
(20 p.) 

A survey of radium contamination in a military-aircraft-instrument shop revealed a degree 
of contamination greatly in excess of the maximum permitted by Atomic 


Energy Commission 
standards 


"he shop had followed the safety regulations of the National Bureau of Standards 
Handbook H-27. New hazard-control measures are described which, when put into effect after 
decontamination ot the shop, resulted inc nsiderable reduction in the spread of contamination, 


NUCLEAR Sc. Asst. 
LUNG CARCINOMA IN AN INDI STRIAL POPULATION AT AN Atomic Pirie SITE. 


Love, Unclassified Document AE( U-1620, UL S 
Information Branch, Oak Ridge, Tenn. (3 p.) 


Ropert A. 
\tomic Energy Commission, Technical 


Phe incidence of primary lung carcinoma was found to be much higher than expected in the 


nidustrial population at Brookhaven National Laboratory during a one-year period. Radiation 


exposure was shown to be in no way responsible for this high incidence, 


NUCLEAR Sc. Asst. 


Basic oF RADIATION Protection. Etpa ANDERSON. Lectures presented at the 


University of Michigan School of Public Health, Feb. 5-8, 195] 


Basic principles of radiation protection are reviewed in the light of 8 years of reactor 


operation with an excellent safety record. External and internal radiation hazards and methods 
Ot protecting against them are discussed. Recognition of radiation as 


a permanent part of 
modern science 


which will become increasingly important in industry, in medicine, and in the 


day-to day experiences of men is stressed. It is pointed out that if protection is to keep pace 


with the iereased use of radiation sources, the existing knowledge of radiation protection must 
be applied on an ever-widening scale. ; 
applied NUCLEAR Sc. Apst, 


Biovocica AND Mepicat Errects OF Rapiation at Low Levets. Titvs C. Evans, 


Lectures presented at the University of Michigan School of Public Health, Feb. 5-8, 1951, 


Generalizations regarding the effects of ionizing radiations on tissues are given. Destruction 


of vital cells, toxicity of degeneration products, inflammation, and lowered resistance to trauma 
all contribute to the damage initiated by irradiation 


thelium of intestine, skin, and gonads are especially radiosensitive and are affected rapidly by only 


Effects of radiation intensity upon the body reaction 
tabular form. The radiation-sickness syndrome, blood changes, 
sterility, induction o 


Lymphatic tissue, bone marrow. the epi- 


small doses of radiation are presented in 


tissue reactions, production of 
{ tumors, and cytological and genetic effects of radiation are discussed. 
The author supplies 40 references 

Phe a NUCLEAR Sc. Apst. 


QUANTITATIVE Limits oF PERMISSIBLE EXPOSURE OF PERSONNE! (EXTERNAL AND 


of Michigan School 


INTERNAL). K. Z. MorGAn, Lectures presented at the University 
of Public Health, Feb. 5-8, 195] 


Factors determining radiation damage to man, methods 


of calculating external exposure, 
Maxunum pernussible levels of external exposure, 


establishment of maximum permissible levels, 
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hazards of internal radiation exposure, methods by which radioisotopes enter the body, and 


factors that determine damage are summarized. Classifications of radioisotopes and maximum 
permissible concentrations as determined by the Subcommittee on Safe Handling of Radioactive 
Isotopes of the United States X-Ray and Radium Protection Committee are given. Equations 
for calculating the maximum permissible amount of a radioisotope in the body are given. A 


brief discussion of the hazards of radiological warfare and procedures to be followed in the event 


of an atomic attack are also included Nuciaae Sc. Asst 


LITERATURE SURVEY ON SKIN DECONTAMINATION—UNCLASSIFIED MATERIAI Part III 
F. Sacus, July 5, 1951. (23 p.) 
A total of 169 titles on the toxicity of various compounds, skin permeability, radiation effects 
on the skin, hazards in the use of radioisotopes, carcinogenic substances, decontamination of 
radioactive areas, protective ointments, and effects of atomic bomb explosions have been selected 


uncritically. NUCLEAR Sc. ABST 
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News and Comment 


APPOINTMENT 


Health 


Bureau of Mines Health and Safety Division Phe work of the Health Branch is to combat 


Branch of the 


t I in the mineral and allied industries throughout the nation and includes research 
the development of methods of controlling harmful gases, fumes, and dusts, establishing and 
tandards for the approval of respiratory protective equipment such as dust and gas 
} veloping ls of improving ventilation to assure plenty of good air in mines, S 
nulls, and plants. Mr. Berger was chemist in charge of the gas analysis laboratory at the 
Put Central Experiment Station at Pittsburgh for 23 years. Before the time of his present 
| tment he is chief of the Health Branch, Region VITL Accident Prevention and Health 
) 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter, April 1952 


| 1 remember what you did the last time you were confronted with a problem that could 
i\ implied by a litt erenced advice Recently a state mecical society found 
i tselt this situatior Phey began to see new medical problems arising, due to the rapid 
ndustrialization in their state, so they wrote to the state medical societies who have already 
] ey ed programs to meet these very problems. The help that they received is typified by 
Li the following letter from Dr. FE. S. Jones, chairman of the Committee on Industrial Health of 
| the Indiana State Medical Association, which is quoted in part 
Our Industrial Health Committee tried a great many different programs in Indiana \t 


id a two-day postgraduate course in Industrial Medicine at Indianapolis. We invited 
notables trom around the entire country to come im and give talks, followed by question periods 


L hie vere excellent programs, but for some reason the attendance was not what we expected » 


and the atten: 


lance poor, we discontinued it after three or 


asking us to start these programs again, but to date we 


for teaching industrial medi- 


cine to t ndergraduate student Phe Dean felt it was impossible to do this because it is \ 
dit t to tind docters who are willing to accept such.a position and 12 is hard for students to find 
the time to devote to it. However, we do have thirty-six hours of industrial medicine in the 

! Medical School, which are taught during the junior and senior vears. This required course in 


industrial medicine has been placed in the Department of Preventive Medicine 


the district 
oaeties to have programs on industrial medicine. We recommended that they have an after- 


into 13 districts and we have tried to encourage 


noon trip through an mdustrial plant followed by a dinner in the evening with speakers after 


wards. We also recommended an afternoon mecting with panel discussions on various subjects, 
then a dinner and two or three speakers in the evening. All the meetings of these types held 
by the various county and district societies in the State of Indiana have gone over with a bang 
The largest attendance at our medical society meetings has always been at these meetings, with 
is many as 300 attending the in-plant sessions. When we have a trip through a plant and the 
dinner meeting atterwards, we usually have the doctors invite their wives. Frequently the 
compames give the wives samples, which of course makes a big hit with them. The plant tours 
have done a great deal of good both trom the standpoint ot advertising for the company and 
etting the doctors and their wives know what is going on in the plants. Some 


of the compames have requested repeat visits and we have since persuaded them to hold ‘open 


use tor the entire community, which management has liked verv much 


industrial physicians who went through these plants saw how the medical depart- 


ments are operated. It changed their views completely as regards their relationships with the 


514 


Lawrence B. Berger, Pittsburgh, has been appointed chict of th 
i 
2 
ive not done so 
“Then we tried to get a chair in the University Medical Sch. A 
pal 
| 
“7 
= 
| 


industrial physicians. It has been one of the finest things we have done butld good wall and 


good feeling between the industrial and nonindustrial doctors The private practitioners hav 
found that the istrial physicians have not been treating nonindustrial cases and that those 
patients have been referred to the family dectors and encouraged to see then 


“We have just completed our ‘Medical Directions for the Nurse in It lustry.. A code of 


ethics which we de veloped for industrial medicine has been ad nted by the State Society When 
complaint is made regarding a physician handling an industrial case, he ts called before the 
local county medical society cé mci nd, when indicated, to the council ft the state medical 
society. This works satisfactorily and once a doctor has been called before the council, he does 
not care to repeat the experience We have also worked out a disability rating scale which 
the doctors of the state can keey n their desks to help them estimate extremity disability in 
vorkmen’s compensation cases 
“During the last year we developed another progt in connection with stating plant medical 
departments. Physicians who are interested in doing industrial work apply to our commuttee 
The applicants spend as much time as they desire im didactic we rk which was arranged by our 
State Bureau of Industrial Hygiene These doctors help with the work at the plant and also 
take the course which is given at the Medical School. Few doctors have availed themselves 
ity, but those who have are enthusiastic about it and have developed into much 
I ial physicians. We have stressed that an industrial physician 1s not just a fellow 
t he is also an industrial health officer, an industrial psychiatrist, an industrial 
industrial surgeon and an internist. The physicians in industry care for their 
industrial patients and the nonindustrial patients are cared for by the nonindustrial physicians 
We have eliminated the practice in Indiana in which the industrial doctors tells the nonin lustrial 
atient that he will get back to work sooner if he lets the industrial doctor treat him The 


esult is that the private practitioners feel much more kindly toward the industrial phystetat and 
have very little bickering between them 
“We have been instrumental in getting a second injury law passed. This makes it possible 


to hire individuals with certam difficulties and handicaps, who were refused employment 


‘reviously. We were instrumental in having a waiver law passed but this was later repealed 
by the Industrial Board. 


“In cooperation with the Industrial Board, the Committee on Industrial Health encouraged 


the membership of the State Medical Society to see istrial cases and ther. testify when called 
upon to do so. The Industrial Board had received many complaints that doctors did not want to 


sce industrial cases and if they had cared for the patient, they had refused to testify when the 


case came before the Board. We have now had no complaints for over two years and everyone 
seems satisfied 

“The Lake County Tuberculosis Association has a mobile unit for taking chest x-rays and 
typing blood. We have encouraged them to go into the plants, and many plants have availed 
themselves of this opportunity. The industries have agreed to pay fifty cents per each examination, 


1 


which seems fair and agreeable to all concerned This testing program is carried on quite 


generally in the Calumet area and the idea has been encouraged throughout the State.” 

Let’s see what use was made of this and other information accumulated by the inquiring 
state medical society. Following is a summary of the observations and recommendations made to 
that society by its committee on industrial health 

1. Industrial medicine is a specialized field of practice 


a ical care and guidance for its employees 


Intelligent industry wishes a high type of mec 
3. Medical schools are making this specialty a part ot their curricula 
4. Industrialization has brought all of the problems and issues of industrial health to our state. 
5. Organized medicine prospers, directly and indirectly, from the practice of good industrial 
medicine. 
6. There is a lot of educational work yet to be done—affecting both medicine and industry 
7. Most or all of the members of the Committee on Industrial Health should be appointed 
from among members who have a working conception of industrial health and who are devoting 


all or a large part of their time to it in practice or teaching 
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Books 


Physical Capacities and Job Placement. [iy Bert Hanman. Pp. 167, with 19 figures. 
Nordisk Rotogravyr, Luntmakaregatan 25, Stockholm, 1951. Price, $5. John de Graff, Inc., 
ox 1, Ardsley-on-Hudson, New York, 1952. 


rhere has been great need for systematic and objective method of relating physical capacities 
of workers to their jobs in industry. To this end, the present study is a significant contribution 
by an author who is authoritative in this field. It comprises a critical study of the theory and 
practice of job placement in the United States and in nine European countries, with special 
reterence to the placement of disabled persons. It also includes a manual of operations. The 
book should be of especial appeal to those interested in the fields of job analysis, industrial 
psychology, and industrial medicine 

During World War II, the author of this book had an opportunity to study the physical and 
environmental demands of over 500 jobs in various war industries. It was then possible to 
develop a procedure for matching the aptitudes and physical capacities of workers to these various 
classifications. The findings indicated that a large majority of workers were physically limited 
to some extent and that great care had to be taken in considering the physical capacities of each 
worker. Later, the matching of workers to jobs in various other industries was carried out in 
the United States and subsequently in several European countries, especially in Sweden. 
Although previous reports have been published in various journals of industrial psychology and 
dustrial medicine, this is the first time that the author has brought all of his studies in this 
held together into a single volume. 

The first chapter presents a broad outline of a well-rounded placement program. The 
primary objective is to show that physiological problems are only one part of placement, to be 
considered in relation to the whole process of job analysis, psychological testing, medical practices, 
and morale, among many other variables. It serves as a general guide for evaluating the 
personnel practices in a particular plant. 

Ihe second chapter is primarily concerned with physical fitness and is a stimulating analysis 
of various concepts ot disability. After reviewing the rejection rates in the Armed Forces and 
iM Various occupations such as airline piloting, it is concluded that practically all persons are 
physically limited in some respects. The author believes that negative labels, such as “handi- 
capped,” “impaired,” and “disabled,” should not be used and that a positive approach should be 
developed whereby abilities rather than disabilities are stressed. In Chapter 3 the shortcomings 
of compiling disability lists and of the negative philosophy of placing handicapped workers 
are elaborated 

In the last two chapters, both general and specific rating methods are discussed. Some of 
the more familiar ratings for analyzing both jobs and workers are outlined, but they are discarded 
because of being cumbersome and leaving much to be desired in a positive placement progam. 

In the final chapter, a description is given of a specific and positive method involving the 
Participation ot (1) the job analyst, who prepares detailed information on the physical and 
environmental demands of jobs, (2) the industrial physician, who prepares concrete information 
on the physical and environmental capacities of workers, and (3) the placement officer, who 
relates the workers’ physical abilities to jobs and places these workers in positions which are best 
suited to their skills and physical abilities. The “Manual of Operations” follows, giving specific 


instructions for carrying out this procedure in a clear and effective manner. The book is highly 


recommended to all of those interested in the difficult problems of matching workers and jobs 


in industry 7 
Ross M. McFartanp, Boston. 


CORRECTION 


In Table 2 of the article entitled “Exhaust Ventilation for Machine Tools Used on Materials 
of High Toxicity” by Mr. H. F. Schulte and his associates in the January issue of the 


ARCHIVES, page 29, the metrical equivalents in the column headed “Volume of Air, Cim 
(Cu.M./Min.d” are incorrect and should be disregarded 
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Your “experience exchange” in the field of Skin 
Diseases and Syphilis—A valuable guide 
in your Practice— 


A.M. A. Archives of DERMATOLOGY and SYPHILOLOGY 


SIGNIFICANT DEVELOPMENTS reported monthly to the 
specialist and the physician general practice. From 
hospitals, clinics and government treatment centers here 
and abroad, A. M. A. Archives of DERMATOLOGY and 
SYPHILOLOGY gathers news of current trends in treat- 
ment and diagnosis, group case studies, clinical notes and 
comments on cutaneous conditions and syphilis. 


AMERICAN MEDICAL ASSOCIATION 


N. Dearborn St.. Chicago 10, Illinois. 
Well illustrated, Please Begin My Subscription M. A. Archives of 
DERMATOLOGY: and SYPHILOLOGY with the ‘Nest Tesue 


CITY AND STATE 

$12.00 YEARLY 
$12.40 CANADIAN 


BOOKLETS ON 


this Coupon MENTAL HYGIENE 


FOR YOUR FREE COPY OF Here are several 


lighttoot 
R. Retlaw. 8 pages. 15 cents. 


ANSWERS TO THE MEETING EMOTIONAL DEPRESSION. Franz Alex- 


NT ander. 16 pages. 15 cents. 
IMPORT QUESTIONS 4 REPORT OF A.M.A. COMMITTEE ON MENTAL 
ABOUT SOAP HEALTH. 48 pages. 15 cents. 


MESMERISM MINUS MESMER. Stefan Zweig. A 
BUYING . discussion of hypnotism. 5 pages. 5 cents. 


booklets on mental 
hygiene that may prove of interest and 
use to you and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY. T 


NERVOUSNESS. Isidore Margaretten. 4 pages. 5 
cents 
THE TYRANNY OF NERVES. Eoline Church Dubois. 


. no commercials — no sales chatter 
but a wealth of informative dota that should prove 


invaluable to you and your company throughout 
the future. 


663 FIFTH AVENUE, NEW YORK 22, N. Y. 


Send your free Question and Answer Soap Data 
Name___ 


Address 


cit 


7 
LIGHTFOOT SCHULTZ COMPANY 


3 pages. 5 cents. 
SHOCK THERAPY SAVES MINDS. Harold Shryock. 


5 pages. 5 cents. 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity 
purchases. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 
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Doctor, 
be your own 
judge... 

try this 
simple test 


With so many claims 
made in cigarette adver- 


tising, you, Doctor, no 


doubt prefer to judge for 
yourself. So won't you 
make this simple test? 


Take a PHILIP MORRIS and any other cigarette 


| F Light up either one first. Take a puff—get a good mouthful of smoke 


~—and s-l-o-w-l-y let the smoke come direct/y through your nose. 


ya Now, do exactly the same thing with the other cigarette. 


You will notice a distinct difference between 
PHILIP MORRIS and any other leading brand. 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Inc., 100 Park Avenue, New York 17, N. Y. 
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BOOKLETS 


@ FOR YOUNG PEOPLE 
Parents will find the help they are seeking in this modern series 
of pamphlets by Dr. Thurman B. Rice. Being a physician, biologist 
and teacher, as well as the father of a family, Dr. Rice is well 
equipped to deal with this difficult subject properly and helpfully 
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THOSE FIRST SEX QUES- HOW LIFE GOES ON THE AGE OF ROMANCE 
TIONS For girls of high school age For young men and women 

For the parents of very young Their role as mothers of to- dealing with the 

children. Answers to the grop morrow. 44 pages. 25 cents a unit 

ing questions of the littlest 

ones. 40 pages. 25 cents 


problem as 

for both sexes. 44 

pages 25) cents. 

IN TRAINING 

For boys of high school age 

boys and girls ten years interpreting their adolescent 25¢ each 
telling them how. the development in terms of ath S fi 

young come to plants and letic and other achievements et of five 

human parents. 36 pages. 25 


t 50 pages. 25 cents in file case, $1.25 
cents 


THE STORY OF LIFE 


@ FOR ADULT READING 
SEX EDUCATION FOR THE PRE- SEX EDUCATION FOR THE MARRIED 
SCHOOL CHILD COUPLE 
By Harold E. Jones and Katherine By Emily Hartshorne Mudd. 12 
Read 12 pages 15) cents 15 cents 
SS TEN SEX EDUCATION FOR THE WOMAN 
By Marjorie Bolles, 12 pages. 15 cents By Carl J. Hartman. 12 pages 
SEX EDUCATION FOR THE ADO- Set of 5 titles as above. 50 cents 
LESCENT 


By George W. Corner and Carney GETTING READY FOR MARRIED LIFE 
Landis. 20 pages. 15 cents By Howard Dittrick. 29 pages. 20 cents 


pages 


THE FACTS ABOUT SEX HELP FOR CHILDLESS COUPLES 
Quantity prices Also lls Ky Audrey MeKeever To be read by By J. Db 
quoted on request parents or children 16 pages 15. cents 


ANSWERS TO PRACTICAL QUESTIONS THE WORD YOU CAN'T SAY (MAS- 
ON MENSTRUATION TURBATION) 
AMERICAN MEDICAL ASSOCIATION 


By Margaret Bell. & pages. 15 cents By Hannah Lees 
535 North Dearborn Street 
Chicago 10, ll. 


Wassersug. 6 pages. 15 cents 


8 pages. 15 cents 
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PROTECTIVE @ 
equipment 


Since the very beginning of the war on 
occupational diseases of the respiratory 
system, Willson has cooperated with 
outstanding authorities to overcome the 
hazards contributing to such ailments. 
Through continuing research, many 
respiratory protective devices have been 


Testing gas mask canisters to be sure they will conform 
to U. S. Bureau of Mines requirements. Tests are made in 
initial experimental stage onl also on the production line 
at regular intervals to insure quality and uniformity of 
the product 


To make certain that Willson gas mask canisters are mois- 
ture proof, they are given this improved humidification test 
in our mmdustrial hygiene laboratories. 


developed and perfected to filter out 
dusts, fumes, musts, gases and vapors 
found in industrial atmospheres. Today, 
more U. S$. Bureau of Mines approvals 
have been granted to Willson Products, 
Inc. for such equipment than any other 
manufacturer. 


WILLSON’ 


Dependable Products Since 1870 


WILLSON PRODUCTS, INC., 211 WASHINGTON STREET, READING, PENNA. 
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hay fever... 


Neo-Synephrine acts quickly to relieve the distress of hay fever, shrinks the engorged 


mucous membranes, checks hypersecretion, permits free breathing and promotes comfort. 


excellent tolerance 
It is notable for relative freedom from compensatory congestion 
lack of appreciable interference with ciliary action. 


Its effectiveness is undiminished by repeated use—insuring topical relief throughout 
the hay fever season. 


NASAL USE OPHTHALMIC USE 


% solution (plain and aromatic), 1 oz. bottles; 


1% solution, 1 oz. bottles; 2% water soluble jelly, 
Ye oz. tubes. 


“Va Ya % low surface tension, aqueous solution, isotonic 


with tears, 2 oz. bottles. 


New Yorw 13, N.Y. Winosor, Ont. 
NEO-SYNEPHRINE, TRADEMARK REG. U.S & CANADA 


BRAND OF PHENYLEPHRINE 
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